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Description 

Field of the Invention 

5 [0001] The present invention relates to a butene copolymer, a resin composition comprising the butene copolymer 
and a molded item from the butene copolymer or resin composition thereof. More particularly, the present invention 
relates to a butene copolymer which is excellent in heat resistance, thermal creep properties and handling easiness 
after molding and which can provide a molded item having appropriate rigidity and excellent low-temperature properties, 
and relates to a resin composition comprising the butene copolymer and a molded item from the butene copolymer or 

10 resin composition thereof. 

Background of the Invention 

[0002] A galvanized steel pipe, a copper pipe, a lead pipe and other metal pipes are commonly used as a water supply 
15 or hot water supply piping element. However, a steel pipe has a drawback in that it rusts to cause occurrence of a red 
water or black water. A copper pipe has a drawback in that it suffers electrolytic corrosion to thereby cause the pipe to 
have pin holes and further cause occurrence of a bluewater. Moreover, such a water supply or hot water supply piping 
element has such drawbacks that the weight reduction thereof is difficult and it is not easy to achieve an increase of 
pipe diameter. Therefore, a novel piping material has been demanded. Already, in some areas, use is made of synthetic 
20 resin pipes constituted of polyvinyl chloride, polyethylene, crosslinked polyethylene, poly-1 -butene, etc. , which are free 
from rusting arid electrolytic corrosion leading to pin holes. 

[0003] However, the polyvinyl chloride lacks a flexibility as a resin and raises sanitary and environmental problems. 
The polyethylene raises such a problem that the pressure resistance and long-term durability thereof are poor. 
[0004] The poly-1 -butene is excellent in pressure resistance strength, internal pressure creep durability at high tem- 

25 perature (40 to 1 20°C), high/low temperature properties and abrasion/wear resistance and is also excellent in flexibility, 
so that it is a resin suitable for use in water supply/hot water supply pipes. However, the poly-1 -butene is slightly 
unsatisfactory in a balance between flexibility and heat resistance and a balance between rigidity and low-temperature 
properties. Further, upon melt molding of the poly-1 -butene, the molded item is characterized in that the properties 
thereof are slowly changed and days or ten-odd days are needed before the molded item exhibits stable properties, 

30 thereby raising a problem of difficult handling. 

[0005] Therefore, there has been a demand for the development of a resin of higher level performance which, while 
retaining appropriate rigidity and flexibility, is excellent in a balance of rigidity, etc. and is improved with respect to the 
handling easiness of molded item. 

[0006] The inventors presented in a prior application (Japanese Patent Laid-open Publication No. 9(1997) -302038) 
35 that a butene-propylene copolymer whose propylene content, crystal melting point, tensile modulus, intrinsic viscosity 
and n-decane soluble content are controlled so as to fall within specified ranges, or the molding of a resin composition 
comprising the butene-propylene copolymer is excellent in pressure resistance, heat resistance, rigidity, low-temperature 
properties, molded item handling easiness and dust adherence causing a lowering of handling property, so that the 
butene-propylene copolymer can be a substitute for the poly-1 -butene. 
^0 [0007] The butene-propylene copolymer, although various improvements can be certainly recognized, has such a 
problem that the heat resistance, rigidity and thermal creep properties thereof are still not satisfactory. 
[0008] Apart from the above, a catalyst comprising a titanium compound supported on a magnesium halide being in 
the active state is known as a catalyst for use in the production of an olefin polymer such as an ethylene homopolymer, 
an ct-olef in homopolymer or an ethylene/a-olefin copolymer. For example, a catalyst comprising a solid titanium catalyst 
45 component, composed of magnesium, titanium, a halogen and an electron donor, and an organometallic compound 
catalyst component is known. 

[0009] Various proposals have been presented with respect to the solid titanium catalyst component comprising 
magnesium, titanium, a halogen and an electron donor. It is also known that a highly stereospecific polymer of an a- 
olefin having 3 or more carbon atoms can be produced in high yield with the use of the solid titanium catalyst component. 

50 [0010] For the production of this solid titanium catalyst component, there is known, for example, a process wherein a 
hydrocarbon solution of halogenous magnesium compound and a liquid titanium compound are brought into contact 
with each other to thereby form a solid product. Further, there is known a process wherein a solid product is formed 
from a hydrocarbon solution containing a magnesium halide compound and a titanium compound in the presence of at 
least one electron donor selected from the group consisting of a polycarboxylic acid, a monocarboxylic acid ester, a 

55 polycarboxylic acid ester, a polyhydroxy compound ester, an acid anhydride, a ketone, a fatty acid ether, a fatty acid 
carbonate, an alcohol having an alkoxy group, an alcohol having an aryloxy group, an organosilicon compound having 
Si-O-C bond and an organophosphorus compound having P-O-C bond. 

[001 1] In particular, it is known that an ct-olefin (co) polymer of uniform particle diameter and low fine powder content 
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can be obtained when polymerization is performed in the presence of a solid titanium catalyst produced with the use of 
a carboxylic acid or a derivative thereof (for example, phthalic anhydride or the like; hereinafter may be referred to simply 
as "carboxylic acid derivative") as the electron donor. 

[0012] Further, there has been proposed a process for producing an a-olefin polymer of narrower particle size distri- 
5 bution, less fine powder content and greater bulk density in the presence of a solid titanium catalyst comprising in a 
specific composition of magnesium, titanium, a halogen, a compound having at least two ether bonds between which a 
plurality of atoms are present (hereinafter may be referred to simply as "polyether"), a hydrocarbon and an electron 
donor other than the polyether (Japanese Patent Laid-open Publication No. 6(1994)-336503). 
[001 3] It is true that a propylene polymer of highly excellent properties can be obtained with the use of this solid titanium 
io catalyst. However, the inventors have found that the polymerization of 1-butene in the presence of the solid titanium 
catalyst raises such problems that 1 -butene is isomerized into 2-butene to thereby invite a drop of polymerization activity, 
and that a carboxylic acid derivative inhibits the action of a stabilizer in a-olefin polymer to thereby cause a long-term 
strength to be unsatisfactory. 

is Disclosure of the Invention 

[0014] Accordingly, the first object of the present invention is to provide a butene copolymer (A) which enables en- 
hancing the rigidity, low-temperature property and thermal creep property of a molded item and to provide a resin 
composition comprising the butene copolymer (A). 
20 [001 5] The second obj ect of the present invention is to provide a molding of the butene copolymer (A) and a molding 
of the resin composition comprising the butene copolymer (A), which moldings exhibit excellent rigidity, low-temperature 
property and thermal creep property. 

[0016] Therefore, according to the first aspect of the present invention, there is provided a butene copolymer (A) 
comprising 99.9 to 80 mol% of copolymer units (a) derived from 1-butene and 0. 1 to 20 mol% of copolymer units (b) 
25 derived from an a-olefin having 3 to 10 carbon atoms (provided that 1-butene is excluded), this butene copolymer (A) 
having: 

(1 a) a tensile modulus E (measured at 23°C) of 345 MPa or greater and/or 
(1b) a tensile modulus E (measured at 95°C) of 133 MPa or greater, and 
30 (2) a ratio (Mw/Mn) of weight-average molecular weight (Mw) to number-average molecular weight (Mn) of 2 to 30, 

(3) an intrinsic viscosity [n] (measured in decalin as a solvent at 135°C) of 1 to 6 dl/g, and 

(4) a melting point Tm (measured by a differential scanning calorimeter) of 1 50°C or below. 

[001 7] According to the second aspect of the present invention, there is provided the butene copolymer (A) as defined 
35 jn the first aspect of the present invention, wherein the tensile modulus E (measured at 23°C) satisfies the relationship: 

E (MPa) > 370 - 6.67 x (content of a-olefin having 3 
40 to 10 carbon atoms (provided that 1-butene is excluded) ) 

to 10 carbon atoms (provided that 1-butene is excluded)) 

wherein the content of a-olefin having 3 to 10 carbon atoms (provided that 1-butene is excluded) is molar percentage 
45 based on the butene copolymer (A). 

[0018] According to the third aspect of the present invention, there is provided the butene copolymer (A) as defined 
in the first or second aspect of the present invention, which exhibits a 1/2 crystal transition time (measured by X-xay 
diffractometry) of 40 hr or less. 

[0019] The butene copolymer (A) as defined in any of the first to third aspects of the present invention exhibits: 

50 

B value determined by 13 C-NMR of 0.92 to 1 .1 , this B value calculated by the formula: 



B value - Pob/( 2p O #p B> 

55 

wherein P OB represents the ratio of the number of butene-a-olefin chains to the total number of chains, P B represents 
the molar fraction of butene component, and P Q represents the molar fraction of a-olefin component, and 
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an isotactic pentad fraction determined by 13 C-NMR of 91% or greater. 

[0020] According to the fourth aspect of the present invention, there is provided the butene copolymer (A) as defined 
in any of the first to third aspects of the present invention, wherein the ratio (Mw/Mn) of weight-average molecular weight 
(Mw) to number-average molecular weight (Mn) is in the range of 2 to 7.9. 
5 [0021 ] According to the fifth aspect of the present invention, there is provided the butene copolymer (A) as defined in 
any of the first to fourth aspects of the present invention, wherein the copolymer units (b) derived from an a-olefin having 
2 to 1 0 carbon atoms (provided that 1 -butene is excluded) are propylene units. 

[0022] According to the sixth aspect of the present invention, there is provided the butene copolymer (A) as defined 
in any of the first to fifth aspects of the present invention, which exhibits only one endothermic peak (melting point Tm) 
10 in a measurement by means of a differential scanning calorimeter. 

[0023] According to the seventh aspect of the present invention, there is provided the butene copolymer (A) as defined 
in any of the first to sixth aspects of the present invention, produced with the use of a catalyst system comprising: 

a solid titanium catalyst component (c) containing titanium, magnesium, a halogen and a compound having at least 
15 two ether bonds represented by the formula: 



20 



25 



R" R"* 1 R* R 24 

fill 
R 2, -C-0- (-C-- • • -C-) -O-C-R 26 



R' R° 



30 

wherein each of R 1 to R 26 represents a substituent having at least one element selected from the group consisting of 
carbon, hydrogen, oxygen, a halogen, nitrogen, sulfur, phosphorus, boron and silicon, provided that any R 1 to R 26 
substituents may form a ring other than benzene ring and that an atom other than carbon may be contained in a main 
chain of the compound having at least two ether bonds, and wherein n is an integer satisfying the relationship 2£n < 1 0; and 
35 an organometallic compound catalyst component (d) containing a metal of Groups I to III of the periodic table. 

[0024] According to the eighth aspect of the present invention, there is provided a butene copolymer resin composition 
comprising a butene copolymer (A) comprising 99. 9 to 80 mol% of copolymer units (a) derived from 1 -butene and 0.1 
to 20 mol% of copolymer units (b) derived from an a-olefin having 3 to 10 carbon atoms (provided that 1 -butene is 
excluded), this butene copolymer resin composition having: 

40 

(1a) a tensile modulus E (measured at 23°C) of 360 MPa or greater and/or 
('1b) a tensile modulus E (measured at 95°C) of 138 MPa or greater, and 

(2) a ratio (Mw/Mn) of weight-average molecular weight (Mw) to number-average molecular weight (Mn) of 2 to 30, 

(3) an intrinsic viscosity [r\] (measured in decalin as a solvent at 135°C) of 1 to 6 dl/g, and 
45 (4) a melting point Tm (measured by a differential scanning calorimeter) of 1 1 0 to 1 50°C. 

[0025] According to the ninth aspect of the present invention, there is provided the butene copolymer resin composition 
as defined in the eighth aspect of the present invention, wherein the tensile modulus E (measured at 23°C) satisfies the 
relationship: 

50 

E (MPa) > 400 - 6.67 x (content of a-olefin having 2 
to 10 carbon atoms (provided that 1-butene is excluded)) 

55 

wherein the content of a-olefin having 2 to 1 0 carbon atoms (provided that 1 -butene is excluded) is molar percentage 
based on the whole butene copolymer resin composition. 



4 



EP 1 308 466 B1 



[0026] According to the tenth aspect of the present invention, there is provided the butene copolymer resin composition 
as defined in the eighth of ninth aspect of the present invention, which exhibits a 1/2 crystal transition time (measured 
by X-ray diffractometry) of 40 hr or less. 

[0027] According to the eleventh aspect of the present invention, there is provided the butene copolymer resin com- 
5 position as defined in any of the eighth to tenth aspects of the present invention, which further comprises a nucleating 
agent. 

[0028] According to the twelfth aspect of the present invention , there is provided the butene copolymer resin composition 
as defined in the eleventh aspect of the present invention, wherein the nucleating agent is an amide compound. 
[0029] The butene copolymer resin composition as defined in any of the eighth to twelfth aspects of the present 
10 invention exhibits: 

B value determined by 13 C-NMR of 0.90 to 1 .08, this B value calculated by the formula: 



15 B value = Pob^^O'^ 

wherein P 0B represents the ratio of the number of butene-a-olefin chains to the total number of chains, P B represents 
the molar fraction of butene component, and P 0 represents the molar fraction of ct-olefin component, and 

20 an isotactic pentad fraction determined by 13 C-NMR of 91 .5% or greater. 

[0030] According to the thirteenth aspect of the present invention, there is provided the butene copolymer resin com- 
position as defined in any of the eighth to twelfth aspects of the present invention, wherein the ratio (Mw/Mn) of weight- 
average molecular weight (Mw) to number-average molecular weight (Mn) is in the range of 2 to 7.9. 
[0031] According to the fourteenth aspect of the present invention, there is provided the butene copolymer resin 

25 composition as defined in any of the eighth to thirteenth aspects of the present invention, wherein the copolymer units 
(b) derived from an a-olef in having 2 to 1 0 carbon atoms (provided that 1 -butene is excluded) for constituting the butene 
copolymer (A) are propylene units. 

[0032] According to the fifteenth aspect of the present invention, there is provided the butene copolymer resin com- 
position as defined in any of the eighth to fourteenth aspects of the present invention, which further comprises poly-1 - 
30 butene (B). 

[0033] According to the sixteenth aspect of the present invention, there is provided the butene copolymer resin com- 
position as defined in any of the eighth to fifteenth aspects of the present invention, which comprises 40 to 90% by 
weight of butene copolymer (A) and 60 to 10% by weight of poly-1 -butene (B). 

[0034] According to the seventeenth aspect of the present invention, there is provided the butene copolymer resin 
35 composition as defined in any of the eighth to sixteenth aspects of the present invention, which comprises butene 
copolymer (A), or butene copolymer (A) together with poly-1 -butene (B), these butene copolymer (A) and poly-1 -butene 
(B) produced with the use of a catalyst system comprising: 

a solid titanium catalyst component (c) containing titanium, magnesium, a halogen and a compound having at least 
40 two ether bonds represented by the formula: 



R" R"* 1 R* R w 



R 2, -C-0- (-C- • • -C-) -O-C-R 26 
50 I I I I 

R" R' R° R 25 

55 

wherein each of R 1 to R 26 represents a substituent having at least one element selected from the group consisting of 
carbon, hydrogen, oxygen, a halogen, nitrogen, sulfur, phosphorus, boron and silicon, provided that any R 1 to R 26 
substituents may form a ring other than benzene ring and that an atom other than carbon may be contained in a main 
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chain of the compound having at least two ether bonds, and wherein n is an integer satisfying the relationship 2 £ n £ 1 0; and 
an organometaiiic compound catalyst component (d) containing a metal of Groups I to III of the periodic table. 
[0035] According to the eighteenth aspect of the present invention, there is provided a molded item comprising the 
butene copolymer (A) as defined in any of the first to seventh aspects of the present invention or the butene copolymer 
s resin composition as defined in any of the eighth to seventeenth aspects of the present invention. 

[0036] According to the nineteenth aspect of the present invention, there is provided the molded item as defined in 
the eighteenth aspect of the present invention, which is in the form of a pipe. 

[0037] According to the twentieth aspect of the present invention, there is provided the molded item as defined in the 
nineteenth aspect of the present invention, which exhibits a breaking time of 20 thousand hours or more in a hydrostatic 
10 test of pipe (measured at 95°C at a hoop stress of 6 MPa). 

[0038] According to the twenty-first aspect of the present invention, there is provided the molded item as defined in 
the eighteenth aspect of the present invention, which is in the form of a pipe joint. 

Preferred Embodiments of the Invention 

15 

[0039] The butene copolymer, resin composition comprising the same, molded item therefrom, solid titanium catalyst 
for producing the butene copolymer and process for producing the butene copolymer according to the present invention 
will be described in detail below. 

20 (i) Butene copolymer 

[0040] The butene copolymer (A) of the present invention is a copolymer of 1 -butene and an a-olefin having 3 to 10 
carbon atoms (provided that 1 -butene is excluded). The molar constituent ratio of 1 -butene to a-olefin having 3 to 10 
carbon atoms (provided that 1 -butene is excluded) is in the range of 99.9/0.1 to 80/20, preferably 99/1 to 90/1 0, and still 

25 preferably 99/1 to 92/8. It is especially preferred that the butene copolymer (A) be a copolymerof 1 -butene and propylene. 
[0041] The butene copolymer (A) of the present invention may be a mixture of a plurality of copolymers of 1 -butene 
and an a-olefin having 3 to 1 0 carbon atoms (provided that 1 -butene is excluded) having different a-olefin contents. For 
example, the butene copolymer (A) may be a mixture of two copolymers of 1 -butene and an a-olefin having 3 to 10 
carbon atoms (provided that 1 -butene is excluded), the one having a molar constituent ratio of 1-butene/a-olefin ranging 

30 from 99.9/0.1 to 80/20 while the other having a molar constituent ratio of 1 -butene/a-olef in ranging from 80/20 to 99.9/0. 1 . 
Moreover, the butene copolymer (A) may be a terpolymer - tetrapolymer further containing a third a-olefin in a small 
amount not detrimental to the properties of the butene copolymer (A). For example, the butene copolymer (A) may be 
a terpolymer - tetrapolymer consisting of a 1-butene/propylene copolymer containing a small amount of 4-methyl-1- 
pentene, ethylene, hexene, pentene, heptene or octene. 

35 [0042] The butene copolymer (A) of the present invention has a tensile modulus E measured at 23°C of 345 MPa or 
greater, preferably 345 to 480 MPa, and still preferably 380 to 450 MPa. 

[0043] Further, the butene copolymer (A) of the present invention has a tensile modulus E measured at 95°C of 133 
MPa or greater, preferably 135 to 245 MPa. 

[0044] The butene copolymer (A) of the present invention must exhibit either or both of these tensile moduli. 
40 [0045] The resin composition comprising butene copolymer (A) according to the present invention has a tensile modulus 
E measured at 23°C of 360 MPa or greater, preferably 380 to 550 MPa, and still preferably 400 to 550 MPa. 
[0046] Further, the resin composition comprising butene copolymer (A) according to the present invention has a tensile 
modulus E measured at 95°C of 138 MPa or greater, preferably 1 50 to 245 MPa. 

[0047] The resin composition comprising butene copolymer (A) according to the present invention must exhibit either 
45 or both of these tensile moduli. 

[0048] The tensile modulus E (measured at 23°C) of the butene copolymer (A) of the present invention preferably 
satisfies the relationship: 

so e (MPa) > 370 - 6.67 x (content of a-olefin having 2 ■ 

to 10 carbon atoms (provided that 1-butene is excluded)), 

55 still preferably 
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E (MPa) > 390 - 6.67 x (content of a-olefin having 2 
to 10 carbon atoms (provided that 1-butene is excluded) ) . 

5 

In the formulae, the content of a-olefin having 2 to 10 carbon atoms (provided that 1-butene is excluded) is molar 
percentage based on the butene copolymer (A). 

[0049] The tensile modulus E (measured at 23°C) of the resin composition comprising butene copolymer (A) according 
10 to the present invention preferably satisfies the relationship: 



E (MPa) > 400 - 6.67 x (content of a-olefin having 2 
15 to 10 carbon atoms- (provided that 1-butene is excluded) )*, • 

still preferably 

20 

E (MPa) > 420 - 6.67 x (content of a-olefin having 2 
to 10 carbon atoms (provided that 1-butene is excluded) ) . 

25 

In the formulae, the content of a-olefin having 2 to 10 carbon atoms (provided that 1-butene is excluded) is molar 
percentage based on the whole resin composition. 

[0050] These inequalities can be obtained by plotting numerical data of Examples and Comparative Examples on a 
graph wherein the axis of abscissas indicates the content of a-olefin having 2 to 1 0 carbon atoms (provided that 1 -butene 

30 is excluded) while the axis of ordinates indicates the tensile modulus E. 

[0051] When the tensile modulus E of the butene copolymer (A) or the resin composition comprising the butene 
copolymer (A) falls within the above ranges, the pipe obtained by molding thereof has such an appropriate hardness 
that, upon laying of the pipe, the support for preventing the deformation by the self weight thereof is not excessive. 
Further, when the tensile modulus E satisfies the above inequalities with respect to the relationship with the content of 

35 a-olefin having 2 to 1 0 carbon atoms (provided that 1 -butene is excluded), for example, the pipe flexibility at the time of 
laying and the pipe strength after the laying are reconciled to thereby ensure high practical usefulness of the pipe. 
[0052] With respect to the butene copolymer (A) of the present invention, the ratio (Mw/Mn) of weight-average molecular 
weight (Mw) to number-average molecular weight (Mn) is in the range of 2 to 30, preferably 2 to 20, still preferably 2 to 
7.9, yet still preferably 2 to 6, and optimally 2 to 5. When special importance is placed on the moldability, it is preferred 

40 that the ratio Mw/Mn be in the range of 3 to 30, especially 3 to 20, more especially 3 to 7.9, yet more especially 3 to 6, 
and most especially 3 to 5. With respect to the resin composition comprising the butene copolymer (A), the ratio Mw/Mn 
is in the range of 2 to 30, preferably 2 to 20, still preferably 2 to 7.9, yet still preferably 2 to 6, and optimally 2 to 5. When 
special importance is placed on the moldability, it is preferred that the ratio Mw/Mn be in the range of 3 to 30, especially 
3 to 20, more especially 3 to 7.9, yet more especially 3 to 6, and most especially 3 to 5. 

45 [0053] When the ratio Mw/Mn falls within these ranges, the pipe obtained by molding thereof is excellent in process- 
ability, particularly pipe extrudability. 

[0054] With respect to the butene copolymer (A) or resin composition comprising butene copolymer (A) according to 
the present invention, the intrinsic viscosity [r)] measured in decalin at 1 35°C is in the range of 1 to 6 dl/g, preferably 2 
to 4 dl/g. When the intrinsic viscosity [r|] falls within these ranges, the pipe obtained by molding thereof has satisfactory 

so strength and is excellent in pipe extrudability. 

[0055] The crystal melting points Tm, measured by a differential scanning calorimeter, of the butene copolymer (A) 
and resin composition comprising butene copolymer (A) according to the present invention are 1 50°C or below and from 
110 to 150°C, respectively. When the crystal melting points Tm fall within these ranges, an excellent balance of proc- 
essability and heat resistance can be realized with respect to the molding of a pipe therefrom. Herein, the melting point 

55 Tm refers to the melting point Trr^ measured in the following manner. 

[0056] Specifically, the butene copolymer (A) or resin composition comprising the butene copolymer (A) was sheeted 
by subjecting the same to melt compression at 200°C, maintaining the compression for 5min and cooling compression 
performed while cooling to room temperature at a cooling rate of about 10°C/min. The obtained sheet was allowed to 
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stand still at room temperature for one week and applied to a differential scanning calorimeter. The melting peak tem- 
perature of l-type crystal exhibited at heating from 20 °C to 200°C at a rate of 1 0°C/min was measured and designated 
as Tm v Because the sample having been subjected to measurement of Tm 1 exhibits a different peak upon further 
measurement performed in the same manner, it is absolutely necessary to prepare a new sample in the measurement 

5 of melting point Tm, . For example, the melting point Tm 2 appearing when, after the measurement of melting point Tnr^ , 
the sample has been allowed to stand still for 1 0 min, cooled from 200°C to 20°C at a rate of 1 0°C/min, allowed to stand 
still for 5 min and heated to 200°C at a rate of 10°C/min is different from the melting point Tnr^ and exhibits the melting 
peak of ll-type crystal which lies on the low temperature side as compared with the melting point Tm v 
[0057] With respect to the butene copolymer (A) or resin composition comprising butene copolymer (A) according to 

10 the present invention, it is preferred that the endothermic peak (melting point Tm) of butene copolymer (A) or resin 
composition as measured by a differential scanning calorimeter be substantially single. 

[0058] Herein, the expression "endothermic peak is substantially single" means that the ratio of the area of main 
endothermic peak to the sum of endothermic peak areas around the melting point is 80% or greater. This ratio of main 
endothermic peak area is preferably 90% or greater, still preferably 95% or greater, and optimally 98% or greater. 
15 [0059] With respect to the butene copolymer (A) or resin composition comprising butene copolymer (A) according to 
the present invention, it is preferred that the 1/2 crystal transition time (measured by X-ray diffractometry) be 40 hr or 
less, especially 30 hr or less. 

[0060] With respect to the butene copolymer (A) of the present invention, the B value, as an index of random copol- 
ymerization, determined by NMR analysis is in the range of 0.92 to 1.1, especially 0.93 to 1.1, and that the isotactic 
20 pentad fraction determined by 13 C-NMR be 91% or greater, especially 91 to 100%, more especially 92 to 100% and 
most especially 93 to 100%. 

[0061] With respect to the resin composition comprising butene copolymer (A) according to the present invention, it 
is preferred that the above B value be in the range of 0.90 to 1 .08, especially 0.91 to 1 .08, and that the isotactic pentad 
fraction be 91 .5% or greater, especially 91 .5 to 100%, more especially 92 to 100% and most especially 93 to 100%. 
25 [0062] The terminology "B value of composition" used herein means a value calculated by the formulae shown on 
page 63 of this specification (page 96 of English text) from the sum of the areas of peaks ascribed to components of the 
composition. 

[0063] When the B value and isotactic pentad fraction fall within the above ranges, the tensile modulus of the butene 
copolymer (A) or resin composition comprising butene copolymer (A) is preferably increased. 
30 [0064] The following Ziegler catalyst or metallocene catalyst provides a suitable catalyst for use in the production of 
butene copolymer (A), or butene copolymer (A) and poly-1 -butene (B).according to the present invention. The former is 
preferred. For example, use is made of a catalyst for a-olefin polymerization composed of: 

(c) a solid Group IVB metal catalyst component containing a metal of Group IVB of the periodic table, a halogen 
35 and magnesium, and 

(d) an organometallic compound catalyst component containing a metal of Groups I to III of the periodic table, 
optionally together with 

(e) an organosilicon compound catalyst component containing a cyclopentyl group, a cyclopentenyl group, a cy- 
clopentadienyl group or a derivative of these groups. 

40 

[0065] The metal of Group IVB of the periodic table may be titanium, zirconium or hafnium. Titanium is preferred. The 
metal of Groups I to HI of the periodic table is preferably aluminum. 

[0066] As a Group IVB metal compound for use in the preparation of catalyst component (c), there can be mentioned, 
for example, compounds of the formula: 

45 

Ti(OR a ) g X 4 _ g 

so wherein R a represents a hydrocarbon group having 1 to 10 carbon atoms, X represents a halogen atom, and g is a 
number satisfying the relationship 0 <> g £ 4. 

[0067] These titanium compounds may be used individually or in combination. The titanium compounds may be diluted 
with, for example, a hydrocarbon or a halogenated hydrocarbon before use. 

[0068] A magnesium compound which can be employed in the preparation of catalyst component (c) may have or 
55 may not have reducing properties. Themagnesiumcompound, although can be used alone, may be used in the form of 
a complex compound with an organoaluminum compound described later. The magnesium compound may be a liquid 
or a solid. 

[0069] Reducing magnesium compound is a magnesium compound having a magnesium-carbon bond or a magne- 
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sium-hydrogen bond. 

[0070] Non reducing magnesium compound may be a compound derived from the above reducing magnesium com- 
pound or a compound derived in the preparation of catalyst component (c). The nonreducing magnesium compound is 
produced by bringing, for example, a compound of the formula Mg (OR b ) h X 2 . h (wherein R b represents an alkyl group 
having 1 to 1 0 carbon atoms, X represents a halogen, and h is a number satisfying the relationship Q<h<2) or the reducing 
magnesium compound into contact with a polysiloxane compound, a halogenous silane compound, a halogenous alu- 
minum compound or a compound such as an ester or an alcohol. In the present invention, use can be made of a complex 
compound or double compound formed from the above magnesium compound and another metal, or a mixture of the 
magnesium compound and another metal compound. Further, use may be made of a mixture of a plurality of magnesium 
compounds mentioned above. 

[0071 ] When use is made of the nonreducing magnesium compound, the nonreducing magnesium compound in liquid 
form can be reacted with a liquid titanium compound in the presence of an electron donor to thereby precipitate a solid 
titanium composite. This method is described in, for example, Japanese Patent Laid-open Publication No. 58 (1983) 
-830006. 

[0072] In the preparation of solid catalyst component (c), further, an electron donor is used. The electron donor can 
be, for example, an oxygen-containing electron donor such as an alcohol, a phenol, a ketone, an aldehyde, a carboxylic 
acid, an ester of organic or inorganic acid, an ether, an acid amide or an acid anhydride, or a nitrogenous electron donor 
such as an ammonia, an amine, a nitrile or an isocyanate. 

[0073] Preferred compound is an ether. Especially preferred compound is a compound having two or more ether 
bonds, such as the following diether: 

R 2 " R* 

I I 
C-) -O-C-R* 

I I 
R B R 25 

wherein each of R 1 to R 26 represents a substituent having at least one element selected from the group consisting of 
carbon, hydrogen, oxygen, a halogen, nitrogen, sulfur, phosphorus, boron and silicon, provided that any R 1 to R 26 
substituents may cooperate to form a ring other than benzene ring and that an atom other than carbon may be contained 
in a main chain of the compound having at least two ether bonds, and wherein n is an integer satisfying the relationship 
2*n<10. 

[0074] The above compound having two or more ether bonds can be, for example, 2-(2-ethyihexyl)-1 ,3-dimethoxy- 
propane, 2-isopropyl-1 ,3-dimethoxypropane, 2-cyclohexyl-1 ,3-dimethoxypropane, 2-(2-cyclohexylethyl)-1 ,3-dimethox- 
ypropane, 2-methyl-2-cyclohexyl-1 ,3-dimethoxypropane or 2-isobutyl-2-isopropyl-1 ,3-dimethoxypropane. The com- 
pound is preferably a diether such as 2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane, 2,2-diisobutyl-1 ,3-dimethoxypro- 
pane, 2,2-dicyclohexyM ,3-dimethoxypropane, 2,2-bis(cyclohexylmethyl)-1 ,3-dimethoxypropane or 2-isobutyl-2-isopro- 
pyl-1 ,3-dimethoxypropane. 

[0075] When the electron donor is an ester, preferred use is made of an ester of the formula: 
or 




R z, -C-0- (-C- 

I I 
R 25 R 1 
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R'-C-COOR ' 



\ / 



COOR 1 



R 5 -C-COOR 5 



5 




R 4 -C-COOR 2 , 



R 4 



COOR 2 , 



R 4 -C-COOR 6 



R 3 -C-COOR' 



10 



R 4 «C-COOR 5 



15 



wherein R 1 represents an unsubstituted or substituted hydrocarbon group having 1 to 10 carbon atoms; each of R 2 , R 5 
and R 6 represents hydrogen or an unsubstituted or substituted hydrocarbon group having 1 to 10 carbon atoms; and 
each of R 3 and R 4 represents hydrogen or an unsubstituted or substituted hydrocarbon group having 1 to 10 carbon 

20 atoms, provided that R 3 and R 4 may be connected to each other. 

[0076] It is preferred that at least one of R 3 and R 4 represents an unsubstituted or substituted hydrocarbon group. As 
the substituted hydrocarbon group represented by R 1 to R 6 , there can be mentioned those having a heteroatom such 
as N, O or S, for example, having a group such as C-O-C, COOR, COOH, OH, S0 3 H, -C-N-C- or NH 2 . A preferred 
example of the organic acid ester is diisobutyl phthalate. 

25 [0077] Further, there can be mentioned a monocarboxylic acid ester of the formula R 7 COOR 8 (wherein each of R 7 
and R 8 represents an unsubstituted or substituted hydrocarbyl group having 1 to 10 carbon atoms, at least one thereof 
being a branched chain (including alicyclic form) or ring-containing chain group). Also, a carbonic acid ester can be 
selected. 

[0078] Although it is not necessary to use the electron donor as a starting material in the preparation of solid catalyst 
30 component (c), a compound which can be converted to the electron donor during the preparation of solid catalyst 
component (c) can be used as the same. 

[0079] The solid catalyst component (c) used in the present invention is produced by bringing the above magnesium 
compound (including metallic magnesium), titanium compound and electron donor into mutual contact. The production 
can be accomplished by the use of the known process for preparing a highly active titanium catalyst component from a 
35 magnesium compound, a titanium compound and an electron donor. The above components may be brought into mutual 
contact in the presence of another reactive agent such as silicon, phosphorus or aluminum. 

[0080] Although the usage of each of the above components added in the preparation of solid catalyst component (c) 
is varied depending on the employed preparation method and cannot be generally specified, for example, the electron 
donor is used in an amount of about 0.01 to 10 mol, preferably 0.05 to 5 mol, while the titanium compound is used in 

40 an amount of about 0.01 to 500 mol, preferably 0.05 to 300 mol, per mol of magnesium compound. 

[0081] The thus obtained solidcatalyst component (c) contains magnesium, titanium, halogen and electron donor. 
[0082] In the solid catalyst component (c), the atomic ratio. of halogen/titanium is in the range of about 4 to 200, 
preferably about 5 to 1 00. The molar ratio of electron donor/titanium is in the range of about 0. 1 to 1 0, preferably about 
0.2 to about 6. The atomic ratio of magnesium/titanium is in the range of about 1 to 100, preferably about 2 to 50. 

45 [0083] The solid catalyst component (c) contains a magnesium halide of crystal size that is smaller than that of 
commercially available magnesium halide. The specific surface area thereof is about 50 rrP/g or greater, preferably from 
about 60 to 1000 m 2 /g, and still preferably from about 1 00 to 800 rrfrg. The solid catalyst component (c) is constituted 
of the above components linked together, so that the composition of the solid catalyst component (c) is substantially not 
changed by hexane washing. 

so [0084] The solid catalyst component (c), although can be used as it is, can be diluted with, for example, an inorganic 
or organic compound such as a silicon compound, an aluminum compound or a polyolefin before use. 
[0085] The process for preparing a highly active titanium catalyst component is disclosed in, for example, Japanese 
Patent Laid-open Publication Nos. 50(1 975)- 108385, 50(1 975)- 126590, 51(1976)-20297, 51(1976)-28189, 51(1976)- 
64586, 51(1976)-92885, 51 (1976)- 136625, 52(1 977)-87489, 52(1 977)- 100596, 52(1 977)-1 47688, 52(1 977)- 104593, 

55 53(1978)-2580, 53(1978)-40093, 53(1 978)-40094, 53(1978)-43094, 55(1980)-135102, 55(1980)-135103, 55(1980)- 
152710, 56(1 981 )-811, 56(1 981 )-1 1908, 56(1 981 )-1 8606, 58(1983)-83006, 58(1 983)- 138705, 58(1 983)-1 38706, 58 
(1983)-1 38707, 58(1 983)- 138708, 58(1 983)-1 38709, 58(1 983)-1 38710, 58(1 983)-1 3871 5, 60(1985)-23404, 61(1986)- 
21 1 09, 61 (1 986)-37802 and 61 (1 986)-37803. 
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[0086] A typical example of the organometallic compound catalyst component (d) containing a metal of Groups I to 
III of the periodic table is an organoaluminum compound catalyst component, which is a compound having at least one 
aluminum-carbon bond in its molecule. For example, it is an organoaluminum compound of the general formula: 

Rc j AI(OR^) k H m X p (i) 

wherein each of R c and R d represents a hydrocarbon group having 1 to 15 carbon atoms, provided that these may be 
identical with or different from each other; X represents a halogen atom; and j, k, m and p are numbers satisfying the 
relationships: 0 < j £ 3, 0^k<3,0^m<3and0^p<3, respectively, provided that j + k + m + p = 3. It is preferred 
that R c and R d be hydrocarbon groups each having 1 to 4 carbon atoms. 

[0087] Also, use can be made of a complex alkylate of Group I metal and aluminum represented by the general formula: 

M 1 AIRc 4 (ii) 
wherein M 1 represents Li, Na or K, and R c is as defined above. 

[0088] The organoaluminum compound of the general formula (i) can be, for example, any of those of the formulae: 
R c jAI (OR d ) k 

wherein R c and R d are as defined above; and j and k are numbers satisfying the relationships: 1 .5 <, j £ 3 and 0 £ k £ 
1 .5, respectively, provided that j + k = 3; 

R c |AIX p 

wherein R c is as defined above; X represents a halogen atom; and j and p are numbers satisfying the relationships: 0 
< j < 3 and 0 < p < 3, respectively, provided that j + p = 3; 

R c jAIH m 

wherein R c is as defined above; H represents hydrogen; and j and m are numbers satisfying the relationships: 2 £ j < 3 
and 0 < m £ 1 , respectively, provided that j + m = 3; and 

RCjAKOR^Xp 

wherein R c and K d are as defined above; X represents a halogen atom; and j, k and p are numbers satisfying the 
relationships: 0 < j < 3, 0 ^ k < 3 and 0 £ p < 3, respectively, provided that j + k + p = 3. 

[0089] Also, use can be made of an alkylaluminum consisting of a plurality of aluminum compounds bonded together. 
[0090] The organosilicon compound catalyst component (e) optionally added to the solid catalyst component (c) and 
the organometallic compound catalyst component (d) consists of an organosilicon compound containing a cyclopentyl 
group, a cyclopentenyl group, a cyclopentadienyl group or a derivative of these groups in its structure. The organosilicon 
compound can be, for example, a compound of the general formula: 

R e R f q Si(OR% q 

wherein R e represents a cyclopentyl group, a cyclopentenyl group, a cyclopentadienyl group or a derivative of these 
groups; each of R f and R9 represents a hydrocarbon group having 1 to 10 carbon atoms, which may be crosslinked with 
an alkyl group or the like; and q is a number satisfying the relationship: 0 < q < 3. 

[0091] Each of R f and R9 can be, for example, an alkyl group, a cycloalkyl group, an aryl group or an aralkyl group. 
Specific examples thereof include methyl, ethyl, isopropyl, phenyl, cyclopentyl, cyclopentenyl and cyclopentadienyl. R f 
and Rfl may be identical with or different from each other. It is preferred to employ an organosilicon compound wherein 
R e represents a cyclopentyl group, R f represents an alkyl group or a cyclopentyl group, and R9 represents an alkyl group, 
especially methyl or ethyl. 

[0092] Also, use can be made of an organosilicon compound of the general formula: 
R f r Si(ORQ) 4 . r 

wherein R f and R9 are as defined above, and r is a number satisfying the inequality: 0 < r < 4. 

[0093] R f and R9, although not particularly limited, can be, for example, methyl, ethyl, isopropyl, phenyl, cyclopentyl, 
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cyclopentenyl or cyclopentadienyl. R f and R9 may be identical with or different from each other. 
[0094] Specifically, the organosilicon compound can be, for example, ethyltriethoxysilane, n-propyltriethoxysilane, 
phenyltriethoxysilane, dicyclohexyldimethoxysilane, dicyclopentyldimethoxysilane or cyclopentyldimethylmethoxysi- 
lane. Cyclohexylmethyldimethoxysilane or the like can preferably be employed. 

[0095] The butene copolymer (A) and resin composition comprising butene copolymer (A) according to the present 
invention are produced by copolymerizing 1 -butene and an a-olefin in the presence of the above catalyst. This copoly- 
merization (principal polymerization) may be preceded by the following prepolymerization. 

[0096] In the prepolymerization, generally, the solid catalyst component (c) is used in combination with at least part 
of the organometallic compound catalyst component (d). At that time, part or all of the organosilicon compound catalyst 
component (e) can be present therein. 

[0097] In the prepolymerization, the catalyst can be used in a concentration which is significantly higher than the 
catalyst concentration in the principal polymerization system. 

[0098] In the prepolymerization, the concentration of solid catalyst component (c) is generally in the range of, for 
example, about 0.5 to 100 mmol, preferably about 1 to 50 mmol, in terms of titanium atom per lit. of inert hydrocarbon 
medium described later. 

[0099] The amount of organometallic compound catalyst component (d) may be such that 0.1 to 500 g, preferably 0.3 
to 300 g of a polymer is formed per gram of solid catalyst component (c). For example, the amount is generally in the 
range of about 0.1 to 1 00 mol, preferably about 0.5 to 50 mol, per mol of titanium atom of solid catalyst component (c). 
[0100] The prepolymerization is preferably performed under mild conditions with the a-olefin and above catalyst com- 
ponents added to an inert hydrocarbon medium. 

[0101] As the inert hydrocarbon medium for use in the prepolymerization, there can be mentioned, for example, an 
aliphatic hydrocarbon such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane or kerosine; an 
alicyclic hydrocarbon such as cyclopentane, cyclohexane or methylcyclopentane; an aromatic hydrocarbon such as 
benzene, toluene or xylene; a halogenated hydrocarbon such as ethylene chloride or chlorobenzene; or a mixture of 
these. Of these inert hydrocarbon mediums, an aliphatic hydrocarbon is preferably employed. 
[0102] The a-olefin for use in the prepolymerization is one having 2 to 10 carbon atoms, preferably 3 to 10 carbon 
atoms, which may be identical with or different from the a-olefin to be used in the principal polymerization. A highly 
crystalline a-olefin polymer is obtained by the prepolymerization. 

[0103] In the prepolymerization, the reaction temperature is not limited as long as a formed prepolymer is substantially 
not dissolved in the inert hydrocarbon medium. The reaction temperature is generally in the range of about -20 to +80°C, 
preferably about -20 to +60°C, and still preferably 0 to +40°C. 

[0104] A molecular weight modifier such as hydrogen can be used in the prepolymerization. 
[0105] The molecular weight modifier is used in such an amount that a polymer obtained by the prepolymerization 
has an intrinsic viscosity [r\], measured in decalin at 135°C, of about 0.2 dl/g or greater, preferably about 0.5 to 10 dl/g. 
[0106] The prepolymerization, as mentioned above, is carried out in such a manner that, for example, about 0.1 to 
500 g, preferably about 0. 3 to 300 g of a polymer is formed per gram of titanium catalyst component. 
[0107] The prepolymerization can be performed by a batch process or a continuous process. 
[0108] The principal polymerization for producing a copolymer of 1 -butene and a-olefin having 2 to 1 0 carbon atoms 
(excluding 1 -butene) according to the present invention is preferably performed in the presence of the catalyst for olefin 
polymerization prepared from the above solid catalyst component (c), organometallic compound catalyst component (d) 
and organosilicon compound catalyst component (e) after the above prepolymerization or without conducting any pre- 
polymerization. 

[0109] The principal polymerization can be effected by any of liquid phase polymerization processes, such as a solution 
polymerization and a suspension polymerization, and gas phase polymerization processes. With respect to the solvent 
for use in the solution polymerization, although an inert hydrocarbon solvent is preferred, use can be made of an olefin 
which is liquid under polymerization conditions. The molar ratio of a-olefin to 1 -butene in the vapor phase within a reaction 
vessel is in the range of 0.001 to 0.1 , preferably 0.002 to 0.08. 

[01 1 0] The polymerization temperature is not limited as long as a formed polymer is substantially not dissolved in the 
inert hydrocarbon medium. The polymerization temperature is generally in the range of about -20 to +1 00°C, preferably 
about -20 to +80°C, and still preferably 0 to +40°C. The applied pressure is generally in the range of atmospheric pressure 
to 1 x 10 MPa, preferably 2 x 10" 1 to 5 MPa. 

[01 1 1] The principal polymerization can be performed by a batch process, a semicontinuous process or a continuous 
process. Further, the principal polymerization can be performed by a multistage polymerization process wherein polym- 
erization conditions are varied according to stage. 

[01 12] In the production of the butene copolymer (A) of the present invention, for example, the solid catalyst component 
(c) is generally used in an amount of about 0.005 to 0.5 mmol, preferably about 0.01 to 0.5 mmol, in terms of titanium 
atom per lit. of polymerization volume. The organometallic compound catalyst component (d) is generally used, for 
example, in such an amount that metal atoms of the organometallic compound catalyst component (d) amount to about 
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1 to 2000 mol, preferably about 5 to 500 moi, per mol of titanium atoms contained in the solid catalyst component (c) of 
the polymerization system. Further, the organosilicon compound catalyst component (e) is generally used in an amount 
of 0.001 to 2 mol, preferably about 0.001 to 1 mol, and still preferably about 0.001 to 0.5 mol, in terms of Si atoms 
contained in the organosilicon compound catalyst component (e) per mol of metal atoms of the organometallic compound 
catalyst component (d). 

(ii) Resin composition 

[01 1 3] The resin composition comprising butene copolymer (A) according to the present invention, although generally 
being a composition comprising the butene copolymer (A) of the present invention and another polymer, is preferably 
a resin composition comprising the butene copolymer (A) mixed with an a-olefin homopolymer and/or copolymer obtained 
by separate polymerization. The polymer mixed into the butene copolymer (A) of the present invention is preferably a 
homopolymer or copolymer of a-olefin having 2 to 20 carbon atoms, still preferably a homopolymer or copolymer of a- 
olefin having 4 to 20 carbon atoms. With respect to the composition ratio, preferably, 40 to 90% by weight of the butene 
copolymer (A) of the present invention is mixed with 60 to 10% by weight of other polymers. Still preferably, 60 to 90% 
by weight of the butene copolymer (A) is mixed with 40 to 1 0% by weight of other polymers. 
[0114] When it is intended to mold, for example, pipes from the resin composition, it is preferred that the mixed (co) 
polymer be a butene copolymer different from the butene copolymer (A) of the present invention, especially poly-1 - 
butene (B), and more especially poly-1 -butene (B) produced by polymerization with the use of the catalyst suitable for 
the production of butene copolymer (A). The poly- 1 -butene (B) is mixed in a proportion of 30% by weight or less, preferably 
30 to 5% by weight, based on the total resin weight. With respect to the a-olefin content of butene copolymer (A) in 
pipes, an extrudability enhancement can favorably be attained by effecting such a mixing that the propylene content is 
greater than 1 mol% but less than 1 0 mol%. 

[0115] In the present invention, a mixture of butene copolymer (A) wherein the content of a-olefin having 3 to 10 
carbon atoms (excluding 1 -butene) is greater than 1 mol% and poly-1 -butene (B) wherein the content of a-olefin having 
3 to 10 carbon atoms (excluding 1 -butene) is 1 mol% or less is especially preferred. 

[0116] The mixed poiy-1 -butene (B) is preferably one whose molecular weight in terms of intrinsic viscosity fa] is in 
the range of 1 to 5 dl/g. When a composition of butene/propylene copolymer (A) and poly-1 -butene (B) is employed, it 
is preferred that the molecular weights of butene/propylene copolymer (A) and poly- 1 -butene (B) satisfy such a relationship 
that the ratio of the intrinsic viscosity [ti] b of poly-1 -butene (B) to the intrinsic viscosity fo] BP of butene/propylene copolymer 
(A), [nlB/falBP. is in the ran 9 e of 0.1 to 1 .0, especially 0.2 to 0.9, and more especially 0.3 to 0.8. 
[0117] The butene copolymer (A) or resin composition comprising butene copolymer (A) according to the present 
inventionmay contain other polymers, for example, a flexible a-olefin copolymer, such as an ethylene random copolymer 
(e.g., ethylene/propylene random copolymer) or a styrene block copolymer (e.g., SEBS, SBS or SEPS), in an amount 
not detrimental to the properties to be attained in the present invention. 

[01 1 8] Moreover, the butene copolymer (A) or resin composition according to the present invention may be incorporated 
with various commonly added compounding agents such as a heat stabilizer, a weathering stabilizer, a slip agent, a 
nucleating agent, a pigment, a dye and a lubricant. 

[0119] As the above nucleating agent, there can be mentioned, for example, polyethylene wax, polypropylene wax, 
polyethylene, polypropylene, polystyrene, nylon (polyamide), polycaprolactone, talc, titanium oxide, 1 ,8-naphthalimide, 
phthalimide, alizarin, quinizarin, 1,5-dihydroxy-9,10-anthraqutnone, quinalizarin, sodium 2-anthraquinonesulfonate, 2- 
methyl-9,10-anthroquinone, anthrone, 9-methylanthracene, anthracene, 9,10-dihydroanthracene, 1 ,4-naphthoquinone, 
1 , 1 -dinaphthyl, stearic acid, calcium stearate, sodium stearate, potassium stearate, zinc oxide, hydroquinone, anthranilic 
acid, ethylenebisstearylamide and sorbitol derivatives. Further, there can be mentioned polycarboxylic acid amide com- 
pounds, polyamine amide compounds and polyamino acid amide compounds described in Japanese Patent Laid-open 
Publication No. 8(1996)-48838, and vinylcycloalkane polymers described in Japanese Patent Publication No. 5(1993)- 
58019. 

[0120] Of these, amide compounds can especially preferably be employed. 

[0121] Although the method of preparing the resin composition of the present invention is not particularly limited, for 
example, the preparation can be performed by the method in which the butene copolymer (A) and polymers to be mixed 
are melt mixed by means of a single-screw extruder or a multi-screw extruder, or by the method in which melt kneading 
by means of a Banbury mixer or a kneader and granulation or pulverization are sequentially carried out. Further, there 
can be mentioned the method in which the butene copolymer (A) and polymers to be mixed are produced by separate 
polymerizations and in which the thus obtained polymer solutions are directly mixed together under agitation. 

(Hi) Molded item 

[0122] The butene copolymer (A) or resin composition comprising butene copolymer (A) according to the present 
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invention is molded by customary techniques using, for example, a single-screw extruder or a multi-screw extruder. The 
butene copolymer (A) or resin composition can be formed into molded items having a wide variety of configurations, 
examples of which include a pipe, a pipe joint, a sheet and a box. 

[01 23] With respect to the pipe obtained by molding the butene copolymer (A) or resin composition comprising butene 
5 copolymer (A) according to the present invention by customary techniques using, for example, a single-screw extruder, 
the ratio of outside diameter to thickness is in the range of 5 to 20, preferably 6 to 1 8. The breaking time exhibited in a 
hydrostatic test of the pipe (measured at 95°C at a hoop stress of 6 MPa) is 20 thousand hours or more. This means 
that the pipe has an extremely high pressure resistance strength. 

10 Examples 

[0124] The present invention will be further illustrated below with reference to the following Examples, which in no 
way limit the scope of the invention. 

15 Example 1 

[Preparation of solid titanium catalyst component (c-1 )] 

[0125] 6.0 kg (63 mol) of anhydrous magnesium chloride, 26.6 lit. of decane and 29.2 lit. (189mol) of 2-ethylhexyl 
20 alcohol were heated at 140°C for 4 hr so as to effect a reaction thereof, thereby obtaining a homogeneous solution. 
Subsequently, 1 .59 kg (7.88 mol) of 2-isopropyl-2-isobutyl-1 ,3-dimethoxypropane was added to the homogeneous so- 
lution, and agitated at 1 10°C for 1 hr. 

[0126] The thus obtained homogeneous solution was cooled to room temperature, and 37.0 kg thereof was dropped 
into 120 lit. (1080mol) of titanium tetrachloride maintained at -24°C over a period of 2.5 hr. The thus obtained solution 
25 was heated over a period of 6 hr, and, when the temperature thereof reached 1 1 0°C, 0.68 kg (3.37 mol) of 2-isopropyl- 
2-isobutyl-1 ,3-dimethoxypropane was added thereto. 

[0127] Further, the solution was agitated at 1 10°C for 2 hr so as to effect a reaction. Solid was collected from the 
reaction mixture by hot filtration, placed in 132 lit. of titanium tetrachloride, and agitated into a slurry.. The slurry was 
heated at 1 1 0°C for 2 hr so as to effect a further reaction. 
30 [01 28] Solid was again collected from the reaction mixture by hot filtration and washed with 90°C decane and hexane. 
Washing was terminated when titanium compounds were no longer detected in the washing fluid. Thus, solid titanium 
catalyst component (c-1) was obtained. 

[0129] Part of a hexane slurry of solid titanium catalyst component (c-1 ) was sampled and dried, and a dried sample 
was analyzed. The quantitative composition by weight of solid titanium catalyst component (c-1) exhibited 3.0% of 
35 titanium, 57% of chlorine, 1 7% of magnesium and 1 8.0% of 2-isopropyl-2-isobutyl-1 ,3-dimethoxypropane. 

[Copolymerization of 1 -butene and propylene] 

[0130] Copolymerization of 1 -butene and propylene was carried out by feeding a continuous polymerization reactor 
40 of 200 lit. internal volume with 73 lit./hr of hexane, 1 6 kg/hr of 1 -butene, 0.07 kg/hr of propylene, 1 0 Nlit./hr of hydrogen, 
0. 38 mmol (in terms of titanium atom)/hr of solid titanium catalyst component (c-1 ), 38 mmol/hr of triethylaluminum and 
1 .3mmol/hr of cyclohexylmethyldimethoxysilane. Thus, a copolymer was obtained at a rate of 4.8 kg/hr. In that copoly- 
merization, the temperature was 60°C, the average residence time 0.8 hr, and the total pressure 3X10" 1 MPa-G. The 
properties of obtained copolymer (propylene content, intrinsic viscosity ft], molecular weight distribution Mw/Mn, melting 
45 point Tm, isotactic pentad fraction, 1/2 crystal transition time, tensile modulus E and B value) are listed in Table 1 . 

[Production of resin composition] 

[01 31 ] The thus obtained 1 -butene/propylene copolymer was mixed with poly- 1 -butene (melting point: 1 24°C, intrinsic 
so viscosity: 1.2, Mw/Mn: 3.6, 1/2 crystal transition time: 15 hr and isotactic pentad fraction: 94.1%) in a weight ratio of 4: 
1 . 1 00 parts by weight of obtained resin composition was incorporated with 0.2 part by weight of high density polyethylene 
(MFR: 13 g/10 min and density: 965 kg/m 3 ) as a nucleating agent and further with a heat stabilizer, and melt blended 
by means of a single-screw extruder of 40 mm screw diameter. Thus, there was obtained a resin composition, the 
properties of which are listed in Table 1. 

55 

[Production of pipe] 

[0132] The thus obtained resin composition was incorporated with heat stabilizer (phenolic, benzotriazole-based, 
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metallic soap) and pelletized by means of a single-screw extruder. Obtained pellets were extruded into pipes of 27 mm 
inside diameter and 2.4 mm wall thickness by means of a pipe forming machine of 90 mm screw diameter under such 
conditions that the preset temperature, cooling water temperature and pipe forming speed were 180°C, 11 °C and 3 
m/min, respectively. 

5 [0133] A hydrostatic test of pipes was performed, and the results thereof are also listed in Table 1 . 
[Measuring method] 

[01 34] The properties of butene/propylene copolymer, resin composition containing butene/propylene copolymer and 
10 pipes were measured in the following manner. 

(1) Content of propylene in butene/propylene copolymer 

[0135] 30 to 50 mg of copolymer was dissolved in 0.5 cm 3 of hexachlorobutadiene and measured by means of 
is superconducting NMR (model GSH-270, manufactured by JEOL LTD.) under such conditions that the measuring tem- 
perature was 1 1 5 to 1 20°C, the measured range 1 80 ppm, the cumulative frequency 500 to 1 0,000, the pulse separation 
4.5 to 5 sec, and the pulse duration 45°. 

(2) Melting point Tm., 

20 

[0136] Copolymer was sandwiched by means of 50 ^m thick polyester sheets, 100 \im thick aluminum plates and 1 
mm thick iron plates with the use of a metal frame of 0.1 mm thickness, heated at 1 90°C for 5 min, deaerated under 5 
MPa, maintained at 5 MPa for 5 min, and cooled by means of a cooling press water-cooled at 20°C under 5 MPa for 5 
min. Thus, a sheet was obtained. 
25 [0137] The sheet was allowed to stand still at room temperature for 7 days, and 4 to 5 mg thereof was charged in a 
sample pan of differential scanning calorimeter (model DSC-2, manufactured by Perkin-Elmer Corp.). The temperature 
was raised from 20°C to 200°C at a rate of 1 0°C/min. The temperature at melting peak apex during the temperature rise 
was designated as Tm v The melting point is a scale of heat resistance. 

30 (3) Tensile modulus E 

[0138] Copolymer was formed into a 2 mm thick sheet in the same manner as in the measurement of melting point 
except that a metal frame of 2 mm thickness was used, allowed to stand still for 7 days, and used as a measuring sample. 
The obtained sample was measured by the use of universal testing machine, model ASTM IV, manufactured by Instron 
35 under such conditions that the chuck spacing was 64 mm, and the stress rate 50 mm/min. 

[01 39] The tensile modulus E at 23°C indicates the hardness in use condition and is a scale of the pressure resistance 
strength of pipe. The tensile modulus E at 95°C indicates the hardness at high temperature and is a scale of the heat 
resistance. 

40 (4) Molecular weight distribution Mw/Mn 
[0140] 

(i) Using standard polystyrenes of known molecular weights (monodisperse polystyrenes, produced by Tosoh Cor- 
45 poration), GPC (gel permeation chromatography) counts corresponding to polystyrene molecular weights M were 

measured, and a calibration curve of molecular weight M and EV (elution volume) was prepared. 

(ii) Gel permeation chromatogram of a sample was measured by GPC, and, with the use of calibration curve prepared 
in (i) above, the number average molecular weight defined by the formula Mn = EMiNi / £Ni and the weight average 
molecular weight defined by the formula Mw = 2Mi 2 Ni / SMiNi were calculated. Thus, Mw/Mn was determined. 

50 

[0141] The molecular weight distribution is a scale of flexibility and extrudability. 
(5) Intrinsic viscosity ft] 

55 [0142] The specific viscosity of a decalin solution of each sample was measured at 135°C by the use of Atlantic 
viscometer, and the intrinsic viscosity ft] was calculated from the specific viscosity. 
[0143] The intrinsic viscosity is a scale of strength and extrudability. 
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(6) 1/2 crystal transition time 

[01 44] The ratio of l-type crystal (1 00) face reflection peak intensity to ll-type crystal (200) face reflection peak intensity 
was measured by the use of X-ray diffractometer (model RU-300 manufactured by Rigaku Denki Co., Ltd., Cu target, 
s 50 kV, 300 mA), and the time required to reach 1/2 of an intensity ratio saturation value was determined. 
[0145] The 1/2 crystal transition time is a scale of the cure time after molding. 

(7) B value 

w [0146] BB, BP and PP diad molar fractions were determined by measuring 40. 2 ppm (ascribed to BB diad), 43.3 ppm 
(ascribed to BP diad) and 46.4 ppm (ascribed to PP diad) skeletal methylene peak areas on the NMR spectrum obtained 
by means of NMR analyzer (model LA-500 FT-NMR, manufactured by JEOL LTD.) under such conditions that the 
measuring temperature: 1 20°C, the solvent: o-dichlorobenzene, the internal standard: deuterobenzene, the pulse mode: 
proton complete decoupling, the pulse duration: 45°, and the pulse separation: 5.5 sec. From the obtained diad molar 

is fractions, the B (1-butene) content was calculated by the formula B = BB + BP / 2, the P (propylene) content by the 
formula P =PP+BP/2, and the B value by the formula Bvalue=BP/(2xBxP). Herein, BB represents a 1-butene chain, 
BP a bonding of 1-butene and propylene, and PP a propylene chain. 

[0147] The B value is a scale of the randomness of copolymer. The increase of B value means the shortening of 1- 
butene chain or propylene chain, and hence means the increase of the uniformity of 1 -butene and propylene distribution. 

20 

(8) Isotactic pentad fraction 

[0148] The isotactic pentad fraction was measured by means of NMR analyzer (model LA-500 FT-NMR, manufactured 
by JEOL LTD.) under such conditions that the measuring temperature: 120°C, the solvent: hexachlorobutadiene, and 
25 the internal standard: deuterobenzene. 

[0149] The isotactic pentad fraction indicates the stereoregularity of (co)polymer. 

(9) Hydrostatic strength of pipe 

30 [01 50] The hydrostatic strength of pipe was measured at 95°C and at a hoop stress of 6 MPa in accordance with ISO 
167. The results are also listed in Table 1. In the Examples, the hydrostatic strengths exceeded 20 thousand hours. 
Thus, the pipes have satisfactory practical strength. 

Example 2 

35 

[Preparation of solid titanium catalyst component (c-2)] 

[0151] 4.28 kg (45 mol) of anhydrous magnesium chloride, 26.6 lit. of decane and 21.1 lit. (135mol) of 2-ethylhexyl 
alcohol were heated at 140°C for 5 hr so as to effect a reaction thereof, thereby obtaining a homogeneous solution. 
40 Subsequently, 1 kg (6.78 mol) of phthalic anhydride was added to the homogeneous solution, and agitated at 130°C for 
1 hr to thereby obtain a homogeneous solution. 

[01 52] The thus obtained homogeneous solution was cooled to room temperature, and was dropped into 1 20 lit. (1 080 
mol) of titanium tetrachloride maintained at -20°C over a period of 2 hr. The thus obtained solution was heated over a 
period of 4 hr, and, when the temperature thereof reached 1 10°C, 3.02 lit. (1 1 .3 mol) of diisobutyl phthalate was added 
45 thereto. 

[0153] Further, the solution was agitated at 110°C for 2 hr so as to effect a reaction. Solid was collected from the 
reaction mixture by hot filtration, placed in 165 lit. of titanium tetrachloride, and agitated into a slurry. The slurry was 
heated at 1 1 0°C for 2 hr so as to effect a further reaction. 

[01 54] Solid was again collected from the reaction mixture by hot filtration and washed with 1 1 0°C decane and hexane. 
50 Washing was terminated when titanium compounds were no longer detected in the washing fluid. Thus, solid titanium 
catalyst component (c-2) was obtained. 

[0155] Part of a hexane slurry of solid titanium catalyst component (c-2) was sampled and dried, and a dried sample 
was analyzed. The quantitative composition by weight of solid titanium catalyst component (c-2) exhibited 2.5% of 
titanium, 58% of chlorine, 18% of magnesium and 13.8% of diisobutyl phthalate. 

55 

[Copolymerization of 1-butene and propylene] 

[0156] A 1-butene/propylene copolymer was produced by carrying out copolymerization in the same manner as in 
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Example 1 , except that dicyclopentyldimethoxysilane was used in place of cyclohexylmethyldimethoxysilane as orga- 
nosilicon compound catalyst component (e) and that the copolymerization was conducted at 57.5°C. The copolymeri- 
zatlon conditions are listed in Table 1 . 

[Production of resin composition and pipe] 

[01 57] In the same manner as in Example 1 , the thus obtained copolymer was mixed with poly-1 -butene, a nucleating 
agent and additives to thereby obtain a resin composition, and the resin composition was formed into a pipe. 
[0158] The properties of obtained copolymer and resin composition and the pipe hydrostatic test results are listed in 
Table 1. 

Example 3 

[0159] Poly-1 -butene having the properties specified in Table 1 was produced according to the same process for 
producing a butene/propylene copolymer as in Example 2, except that, as the organometallic compound catalyst com- 
ponent (d), triisobutylaluminum was used in place of triethylaluminum, and cyclohexylmethyldimethoxysilane was used 
in place of dicyclopentyldimethoxysilane and that the polymerization was carried out under conditions specified in Table 1 . 
[0160] In the same manner as in Example 1 except that 0.05 part by weight of ethylenebisstearylamide was used in 
place of 0.2 part by weight of high density polyethylene as the nucleating agent, the obtained polymer was mixed with 
poly-1 -butene to thereby obtain a resin composition, and the resin composition was formed into a pipe. 
[0161] The properties of obtained polymer and resin composition and the pipe hydrostatic test results are listed in 
Table 1. 

Comparative Example 1 

[0162] Poly-1 -butene having the properties specified in Table 1 was produced according to the same process for 
producing a butene/propylene copolymer as in Example 2, except that propylene as a copolymer component was not 
used, that, as the organometallic compound catalyst component (d), triisobutylaluminum was used in place of triethyl- 
aluminum, and cyclohexylmethyldimethoxysilane was used in place of dicyclopentyldimethoxysilane, and that the po- 
lymerization was carried out under conditions specified in Table 1 . 

[0163] In the same manner as in Example 1, the thus obtained polymer was mixed with poly-1 -butene to thereby 
obtain a resin composition, and the resin composition was formed into a pipe. 

[0164] The properties of obtained polymer and resin composition and the pipe hydrostatic test results are listed in 
Table 1. 

Comparative Example 2 

[01 65] A butene/propylene copolymer having the properties specified in Table 1 was produced according to the same 
process for producing a butene/propylene copolymer as in Example 2, except that, as the organometallic compound 
catalyst component (d), triisobutylaluminum was used in place of triethylaluminum, and cyclohexylmethyldimethoxysilane 
was used in place of dicyclopentyldimethoxysilane, and that the copolymerization was carried out under conditions 
specified in Table 1 . 

[0166] In the same manner as in Example 1 , the thus obtained copolymer was mixed with poly-1 -butene to thereby 
obtain a resin composition, and the resin composition was formed into a pipe. 

[0167] The properties of obtained copolymer and resin composition and the pipe hydrostatic test results are listed in 
Table 1. 



Table 1 





Example 1 


Example 2 


Example 3 


Comp. Ex. 1 


Comp. Ex. 2 


item 


unit 


butene copolymer (A) 


Ti catalyst 




c-1 


c-2 


c-2 


c-2 


c-2 


Al co-catalyst 




TEA 


TEA 


TIBA 


TIBA 


TIBA 


donor 




*1 


*2 


*1 


*1 


*1 


Al/Ti 


molar ratio 


100 


100 


100 


100 


100 
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(continued) 







Example 1 


Example 2 


Example 3 


Comp. Ex. 1 


Comp. Ex. 2 




item 


unit 


butene copolymer (A) 


5 


Al/donor ' 


molar ratio 


30 


30 


30 


30 


30 




pressure 


kg/cm 2 


3 


3 


3 


3 


3 




Dolvmn temD 


°C 


60 


57.5 


60 


60 


60 


10 


residence time 


h 


0.8 


0.8 


1 


1 


1 




amt of nolvmpr formpd 

Cl MIL. \Jl LJUtyMIC7l IUI 1 1 ICLi 


ka/h 


4.8 


4.8 


4.8 


4.8 


4.8 




activitv 

□wii v i \y 


ka/mol -Ti 


10000 


10000 


3000 


3000 


3000 


15 


Ci*^ rontpnt 


mol% 

1 1 >\J\ /O 


2.8 


3.6 


5.4 


0 


5.4 


m.p. 


°c 


126 


120 


118 


122 


118 




intrinsic viscosity 
ii hi ii toils viovA-»oiiy 


dl/a 

uif y 


3 


3.1 


3 


3.1 


3 




Mw/Mn 

IVI W/ IVIl 1 




3.5 


3.5 


3.8 


3.8 


3.8 


20 


isotactic npntari fraction 


% 


93.3 


93.5 


89.5 


90.8 


89.6 




tpnsile modulus 23°C 


MPa 


400 


410 


273 


300 


275 




tpnsilp modulus QS°C 

IC7MOIIC7 IIIUUUIUO \J\J w 


MPa 


116 


123 


86 


90 


86 


25 




MPa 


351 


346 


334 


370 


334 


1/9 prvstal transition timp 

i/c. Lyi yoidi iicuioiihjii in lie 


h 


23 


10 


7 


48 


7 




R x/ah ip 




0.95 


. 0.98 


0.91 




0.91 




item 


t mit 

Ul III 


resin compsn. 






nucleating agent nurt o 


pts.wt 


0.2 


0.2 


0 


0.2 


0.2 




nucieaiing ageru cdom ** 


ntcs VA/t 
pio. Wl 


0 


0 


0.05 


0 


o 






mnt% 
1 IIUI /o 


2.2 


2.9 


4.3 


0 


4.3 


35 


m.p. 




126 


125 


126 


126 


123 


intrinsic viscosny 




2.5 


2.5 


2.5 


2.5 


2.5 




Mw/Mn 




4.02 


4.03 


4.1 


4.05 


4.1 




isotactic pentad fraction 


% 


93.7 


93.8 


89.8 


91.2 


89.8 


40 


1/2 crystal transition time 


h 


20 


8 


5 


40 


5 




tensile modulus 23°C 


MPa 


480 


520 


380 


320 


300 




tensile modulus 23°C 


MPa 


145 


160 


140 


120 


115 


45 


400-6.67xC3 


MPa 


385 


381 


371 


400 


371 




hydrostatic strength 
95°Cx6MPa 


h 


>24526 


>24526 


21574 


13985 


11725 




B value 




0.93 


0.96 


0.89 




0.89 


50 


Note) Formulation of resin composition: butene copolymer/poly-1-butene = 4/1 (weight ratio), 
*1 : cyctohexylmethyldimethoxysilane, 
*2: dicyclopentyldimethoxysilane, 

*3: high density polyethylene (MFR: 13g/10 min, and density: 965 kg/m 3 ), and 
*4: ethylenebisstearylamide. 



55 
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Example 4 

[Preparation of solid titanium catalyst component (AM)] 

5 [0168] 6.0 kg (63 mol) of anhydrous magnesium chloride, 26.6 lit. of decane and 29.2 lit. (1 89 mol) of 2-ethylhexanol 
were heated at 1 40°C for 4 hr so as to effect a reaction thereof, thereby obtaining a homogeneous magnesium compound 
solution (I). Subsequently, 1 .59 kg (1 .88 mol) of 2-isopropyl-2-isobutyl-1 ,3-dimethoxypropane was added to the solution 
(I), and agitated at 1 1 0°C for 1 hr. 

[0169] The thus obtained homogeneous magnesium/polyether solution (II) was cooled to room temperature, and 37.0 
10 kg thereof was dropped into 1 20 tit. (1 080 mol) of titanium tetrachloride maintained at -24 °C over a period of 2.5 hr. The 
thus obtained magnesium/titanium solution (III) was heated over a period of 6 hr, and, when the temperature thereof 
reached 110 o C, 0.68 kg (3.37 mol) of 2-isopropyl-2-isobutyl-1,3-dimethoxypropane was added thereto. Further, the 
resultant solution (IV) was agitated at 1 10°C for 2 hr so as to effect a reaction. Solid was collected from the reaction 
mixture by hot filtration, placed in 132 lit. of titanium tetrachloride, and agitated into a slurry. The slurry was heated at 
is 1 1 o°C for 2 hr so as to effect a further reaction. 

[01 70] Solid was again collected from the reaction mixture by hot filtration and washed with 1 1 0°C decane and hexane. 
Washing was terminated when titaniumcompounds were no longer detected in the washing fluid. Thus, solid titanium 
catalyst (A'-1) was obtained. 

[01 71] Part of a hexane slurry of solid titanium catalyst (A'-1 ) was sampled and dried, and a dried sample was analyzed. 
20 The quantitative composition by weight of solid titanium catalyst (A'-1 ) exhibited 3.0% of titanium, 1 7% of magnesium, 
57% of chlorine and 1 8.0% of 2-isopropyl-2-isobutyl-1 ,3-dimethoxypropane. Diisobutyl phthalate was not detected. 

[Polymerization] 

25 [0172] Copolymerization of 1-butene and propylene was carried out by feeding a continuous polymerization reactor 
of 200 lit. internal volume with 73 lit./hr of hexane, 1 6 kg/hr of 1 -butene, 0.07 kg/hr of propylene, 1 0 NlitVhr of hydrogen, 
0.38 mmol (in terms of titanium atom)/hr of solid titanium catalyst (A'-1), 38 mmol/hr of triethylaluminum (B') and 1.3 
mmol/hr of cyclohexylmethyldimethoxysilane (CMMS) (C). Thus, a copolymer was obtained at a rate of 4.8 kg/hr. In 
that copolymerization, the temperature was 60°C, the average residence time 0.8 hr, and the total pressure 3x1 0~ 1 

30 MPa-g. The properties of obtained copolymer (propylene content, melting point, intrinsic viscosity [x\] and molecular 
weight distribution) are listed in Table 2. 

(1 ) The content of propylene in butene/propylene copolymer was measured in the following manner. 

30 to 50 mg of obtained copolymer was dissolved in 0. 5 cm 3 of hexachlorobutadiene and measured by means of 
35 superconducting NMR (model GSH-270, manufactured by JEOL LTD.) under such conditions that the measuring 

temperature was 115 to 120°C, the measured range 180 ppm, the cumulative frequency 500 to 10, 000, the pulse 
separation 4.5 to 5 sec, and the pulse duration 45°. 

(2) The melting point Tm 1 was measured in the following manner. 

Copolymer was sandwiched by means of 50 |xm thick polyester sheets, 100 ^m thick aluminum plates and 1 mm 
40 thick iron plates with the use of a metal frame of 0.1 mm thickness, heated at 190°C for 5 min, deaerated under 5 

MPa, maintained at 5 MPa for 5 min, and cooled by means of a cooling press water-cooled at 20°C under 5 MPa 
for 5 min. Thus, a sheet was obtained. The sheet was allowed to stand still at room temperature for 7 days, and 4 
to 5 mg thereof was charged in a sample pan of differential scanning calorimeter (model DSC-2, manufactured by 
Perkin-Elmer Corp.). The temperature was raised from 20 °C to 200 °C at a rate of 1 0 °C/min. The temperature at 
45 melting peak apex during the temperature rise was designated as Tm 1 . The melting point is a scale of heat resistance. 

(3) The intrinsic viscosity [r\] was measured in the following manner. 

The specific viscosity of a decalin solution of each sample was measured at 135°C by the use of Atlantic viscometer, 
and the intrinsic viscosity fr] was calculated from the specific viscosity. 
The intrinsic viscosity is a scale of strength and extrudability. 
so (4) The amount of 2-butene formed was measured in the following manner. 

[0173] The amount of 2-butene formed during polymerization was determined by measuring the amount of 2-butene 
contained in the gas phase within the polymerization reactor by gas chromatography. 

55 
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Comparative Example 3 

[Preparation of solid titanium catalyst component (A*-2)] 

5 [0174] 4.28 kg (45 mol) of anhydrous magnesium chloride, 22.5 lit. of decane and 21.1 lit. (135 mol) of 2-ethylhex- 
anol were heated at 140°C for 5 hr so as to effect a reaction thereof, thereby obtaining a homogeneous magnesium 
compound solution (I). Subsequently, 1 kg (6.78 mol) of phthalic anhydride was added to the solution (I), and agitated 
at 130°C for 1 hr to thereby effect dissolution of phthalic anhydride. 

[0175] The thus obtained homogeneous magnesium/phthalic anhydride solution was cooled to room temperature, 
10 and 75 lit. of the homogeneous solution was dropped into 1 20 lit. (1 080 mol) of titanium tetrachloride maintained at -20°C 
over a period of 2 hr. The thus obtained magnesium/titanium solution was heated over a period of 4 hr, and, when the 
temperature thereof reached 1 1 0°C, 3.02 lit. (1 1 .3 mol) of diisobutyl phthalate was added thereto. Further, the solution 
was agitated at 1 1 0°C for 2 hr so as to effect a reaction. Solid was collected from the reaction mixture by hot filtration, 
placed in 1 65 lit. of titanium tetrachloride, and agitated into a slurry. The slurry was heated at 1 1 0°C for 2 hr so as to 
15 effect a further reaction. 

[01 76] Solid was again collected from the reaction mixture by hot filtration and washed with 1 1 0°C decane and hexane. 
Washing was terminated when titaniumcompounds were no longer detected in the washing fluid. Thus, solid titanium 
catalyst (A'-2) was obtained. 

[01 77] Part of a hexane slurry of solid titanium catalyst (A'-2) was sampled and dried, and a dried sample was analyzed. 

20 The quantitative composition by weight of solid titanium catalyst (A'-2) exhibited 2.4% of titanium, 20% of magnesium, 
60% of chlorine and 13.0% of diisobutyl phthalate. Therefore, the content of carboxylic acid derivative is 13.0%. 
[0178] With respect to the content of phthalic acid derivatives, it was measured by gas chromatography. Specifically, 
about 0.5 g of a sample was weighed into a 50 ml measuring flask. Acetone was added thereto so as to dissolve the 
sample. An internal standard substance was added and agitated. 1 3% aqueous ammonia was dropped thereinto so as 

25 to effect a decomposition. The liquid was allowed to stand still so as to effect a separation, and the upper layer portion 
was taken out as a sample. The sample was separated into component fractions with the use of a fused silica capillary 
column as a separation column, and the amounts thereof were determined by an internal standard method. 

[Polymerization] 

30 

[0179] A butene/propylene copolymer was produced by conducting copolymerization in the same manner as in Ex- 
ample 4, except that solid titanium catalyst (A*-2) was used. The results are listed in Table 2. 



Table 2 





Unit 


Example 4 


Comp.Ex.3 


Solid 


Designation 




A'-1 


A'-2 


titanium 


(a'): Mg 


wt.% 


17 


20 


catalyst 


(b'):Ti 


wt.% 


3.0 


2.4 


and 


(c'): halogen 


wt.% 


57 


60 


activity 


(d'): polyether 


wt.% 


18.0 


0 




(e'): hydrocarbon 


wt.% 


2.2 


2.0 




(M): ethylhexanol 


wt.% 


2.8 


2.6 




(f '-2): carboxylic acid deriv. (diisobutyl phthalate) 


wt.% 


0 


13.0 




: polymn. activity 


g/mmol -Ti 


10000 


3000 




: amt. of 2-butene formed 


ppm 


24 


43 


Properties 


(1 ) propylene content 


mol% 


2.8 


2.8 


of polymer 


(2) m.p. 


°C 


126 


120 




(3) intrinsic vise. 


dl/g 


3 


3 




(4) Mw/Mn 




3.5 


3.8 



[0180] A molded item which is excellent in heat resistance, low-temperature properties and handling easiness and 
55 which exhibits extremely enhanced thermal creep property can be obtained from the butene copolymer or resin com- 
position comprising butene copolymer according to the present invention. Therefore, the molded item of the present 
invention, especially pipe, is excellent in not only heat resistance, low-temperature properties and handling easiness 
but also thermal creep property. 
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[0181] Moreover, a polymer or copolymer of an a-olefin having 4 or more carbon atoms, Including the above butene 
copolymer, which is characterized by uniform particle size, less fine powder, high bulk density and substantially not 
containing carboxylic acids can be easily produced with high polymerization activity by the use of the solid titanium 
catalyst and a-olefin polymerization process according to the present invention. 

Industrial Applicability 



[0182] A molded item which is excellent in heat resistance, low-temperature properties and handling easiness and 
which exhibits extremely enhanced thermal creep property can be obtained from the butene copolymer or resin com- 
10 position comprising butene copolymer according to the present invention. Therefore, the molded item of the present 
invention, especially pipe, is excellent in not only heat resistance, low-temperature properties and handling easiness 
but also thermal creep property, thereby ensuring high industrial applicability. 



15 Claims 



1. A butene copolymer (A) comprising 99.9 to 80 mol% of copolymer units (a) derived from 1 -butene and 0.1 to 20 
mol% of copolymer units (b) derived from an a-olefin having 3 to 10 carbon atoms (provided that 1 -butene is 
excluded), said butene copolymer (A) having: 

20 

(1 a) a tensile modulus E (measured at 23°C) of 345 MPa or greater and/or 
(1 b) a tensile modulus E (measured at 95°C) of 133 MPa or greater, and 

(2) a ratio (Mw/Mn) of weight-average molecular weight (Mw) to number-average molecular weight (Mn) of 2 to 30, 

(3) an intrinsic viscosity [r\] (measured in decalin as a solvent at 135°C) of 1 to 6 dl/g, 

25 (4) a melting point Tm (measured by a differential scanning calorimeter) of 150°C or below, 

(5) B value determined by 13 C-NMR of 0.92 to 1 .1 , said B value calculated by the formula: 



B value « Pob/(2Po • Pe) 

30 

wherein P OB represents the ratio of the number of butene-a-olefin chains to the total number of chains, P B 
represents the molar fraction of butene component, and P Q represents the molar fraction of a-olefin component, 
and 

(6) an isotactic pentad fraction determined by 13 C-NMR of 91% or greater. 

35 

2. The butene copolymer (A) as claimed in claim 1 , wherein the tensile modulus E (measured at 23°C) satisfies the 
relationship: 



40 E (MPa) > 370 - 6.67 x (content of a-olefin having 3 to 

10 carbon atoms (provided that 1-butene is excluded) ) 

wherein the content of a-olefin having 3 to 1 0 carbon atoms (provided that 1 -butene is excluded) is molar percentage 
45 based on the butene copolymer (A). 

3. The butene copolymer (A) as claimed in claim 1 or 2, which exhibits a 1/2 crystal transition time (measured by X- 
ray diffractometry) of 40 hr or less. 

so 4. The butene copolymer (A) as claimed in any of claims 1 to 3, wherein the ratio (Mw/Mn) of weight-average molecular 
weight (Mw) to number-average molecular weight (Mn) is in the range of 2 to 7.9. 

5. The butene copolymer (A) as claimed in any of claims 1 to 4, wherein the copolymer units (b) derived from an a- 
olefin having 3 to 10 carbon atoms (provided that 1 -butene is excluded) are propylene units. 

55 

6. The butene copolymer (A) as claimed in any one of claims 1 to 5, which exhibits only one endothermic peak (melting 
point Tm) in a measurement by means of a differential scanning calorimeter. 
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7. The butene copolymer (A) as claimed in any one of claims 1 to 6, produced with the use of a catalyst system 
comprising: 

a solid titanium catalyst component (c) containing titanium, magnesium, a halogen and a compound having at 
least two ether bonds represented by the formula: 



wherein each of R 1 to R 26 represents a substituent having at least one element selected from the group consisting 
of carbon, hydrogen, oxygen, a halogen, nitrogen, sulfur, phosphorus, boron and silicon, provided that any R 1 to 
R 26 substituents may form a ring other than benzene ring and that an atom other than carbon may be contained in 
a main chain of the compound having at least two ether bonds, and wherein n is an integer satisfying the relationship 
2<n£10; and 

an organometallic compound catalyst component (d) containing a metal of Groups I to III of the periodic table. 

8. A butene copolymer resin composition comprising a butene copolymer (A) comprising 99.9 to 80 mol% of copolymer 
units (a) derived from 1 -butene and 0.1 to 20 mol% of copolymer units (b) derived from an a-olefin having 3 to 10 
carbon atoms (provided that 1 -butene is excluded), said butene copolymer resin composition having: 

(1a) a tensile modulus E (measured at 23°C) of 360 MPa or greater and/or 
(1b) a tensile modulus E (measured at 95°C) of 138 MPa or greater, and 

(2) a ratio (Mw/Mn) of weight-average molecular weight (Mw) to number-average molecular weight (Mn) of 2 to30, 

(3) an intrinsic viscosity (measured in decalin as a solvent at 135°C) of 1 to 6 dl/g, 

(4) a melting point Tm (measured by a differential scanning calorimeter) of 1 1 0 to 1 50°C, 

(5) B value determined by 13 C-NMR of 0.90 to 1 .08, said B value calculated by the formula: 



wherein P OB represents the ratio of the number of butene-a-olefin chains to the total number of chains, P B 
represents the molar fraction of butene component, and P 0 represents the molar fraction of a-o!efin component, 
and 

(6) an isotactic pentad fraction determined by 13 C-NMR of 91 .5% or greater. 

9. The butene copolymer resin composition as claimed in claim 8, wherein the tensile modulus E (measured at 23°C) 
satisfies the relationship: 

E (MPa) > 400 - 6,67 x {content of a-olefin having 3 
to 10 carbon atoms (provided that 1 -butene is excluded) ) 

wherein the content of a-olefin having 3 to 1 0 carbon atoms (provided that 1 -butene is excluded) is molar percentage 
based on the whole butene copolymer resin composition. 

10. The butene copolymer resin composition as claimed in claim 8 or 9, which exhibits a 1/2 crystal transition time 
(measured by X-ray diffractometry) of 40 hr or less. 

1 1 . The butene copolymer resin composition as claimed in any of claims 8 to 1 0, which further comprises a nucleating 
agent. 




B value - Pob/(2Po 



Pb) 
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1 2. The butene copolymer resin composition as claimed in claim 1 1 , wherein the nucleating agent is an amide compound. 

13. The butene copolymer resin composition as claimed in any one of claims 8 to 12, wherein the ratio (Mw/Mn) of 
weight-average molecular weight (Mw) to number-average molecular weight (Mn) is in the range of 2 to 7.9. 

5 

1 4. The butene copolymer resin composition as claimed in any of claims 8 to 1 3, wherein the copolymer units (b) derived 
from an a-o!efin having to 10 carbon atoms (provided that 1 -butene is excluded) are propylene units. 

15. The butene copolymer resin composition as claimed in any of claims 8 to 1 4, which further comprises poly-1 -butene 
10 (B). 

16. The butene copolymer resin composition as claimed in any of claims 8 to 15, which comprises 40 to 90% by weight 
of butene copolymer (A) and 60 to 1 0% by weight of poly-1 -butene (B). 

15 1 7. The butene copolymer resin composition as claimed in any one of claims 8 to 1 6, which comprises butene copolymer 
(A), or butene copolymer (A) together with poly-1 -butene (B), said butene copolymer (A) and said poly-1 -butene (B) 
produced with the use of a catalyst system comprising: 

a solid titanium catalyst component (c) containing titanium, magnesium, a halogen and a compound having at 
20 least two ether bonds represented by the formula: 

R 22 o2n r24 

R 21 -C~0— (— C— ••• — C— ) —O-C-R 26 

R 23 R 1 R n R 25 

30 

wherein each of R 1 to R 26 represents a substituent having at least one element selected from the group consisting 
of carbon, hydrogen, oxygen, a halogen, nitrogen, sulfur, phosphorus, boron and silicon, provided that any R 1 to 
R 2Q substituents may form a ring other than benzene ring and that an atom other than carbon may be contained in 
a main chain of the compound having at least two ether bonds, and wherein n is an integer satisfying the relationship 
35 2<n^10;and 

an organometallic compound catalyst component (d) containing a metal of Groups I to III of the periodic table. 

18. A molded item comprising the butene copolymer (A) according to any of claims 1 to 7 or the butene copolymer resin 
composition according to any of claims 8 to 1 7. 

40 

19. The molded item as claimed in claim 1 8, which is in the form of a pipe. 

20. The molded item as claimed in claim 1 9, which exhibits a breaking time of 20 thousand hours or more in a hydrostatic 
test of pipe (measured at 95°C at a hoop stress of 6 MPa). 

45 

21. The molded item as claimed in claim 18, which is in the form of a pipe joint. 



Patentanspruche 

50 

1. Butencopolymer (A) umfassend 99,9 bis 80 Mol-% Copolymereinheiten (a) abgeleitet von 1-Buten und 0,1 bis 20 
Mol-% Copolymereinheiten (b) abgeleitet von einem ct-Olefin mit 3 bis 10 Kohlenstoffatomen (unter der Vorausset- 
zung, dass 1-Buten ausgeschlossen ist), wobei das Buten-Copolymer (A) besitzt: 

55 (1 a) einen Zugmodul E (gemessen bei 23°C) von 345 MPa oder groGer und/oder 

(1b) einen Zugmodul E (gemessen bei 95°C) von 133 MPa oder groGer, und 

(2) ein Verhaltnis (Mw/Mn) des gewichtsgemittelten Molekulargewichts (Mw) zu dem zahlengemittelten Mole- 
kulargewicht (Mn) von 2 bis 30, 
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(3) eine intrinsische Viskositat ft] (gemessen in Dekalin als Ldsungsmittel bei 135°C) von 1 bis 6 dl/g, 

(4) einen Schmelzpunkt Tm (gemessen durch ein Differentialscanningkalorimeter) von 150°C Oder niedriger, 

(5) einen B-Wert bestimmt durch 1 3 C-NMR von 0,92 bis 1 ,1 , wobei der B-Wert berechnet wird durch die Formel: 



B-Wert = Pob/(2Po • Pb) 



10 

worin P 0B das Verhaltnis der Anzahl an Buten-a-Olefinketten zur Gesamtzahi der Ketten darstellt, P B den 
Molanteil der Butenkomponente darstellt und Po den Molanteil der a-Olefinkomponente darstellt, und 
(6) einen Anteil der isotaktischen Pentade bestimmt durch 13 C-NMR von 91% oder groBer. 

15 2. Butencopolymer (A) gemaB Anspruch 1 , worin der Zugmodul E (gemessen bei 23°C) die Beziehung erfullt: 

E (MPa) > 370 - 6.67 x (Gehalt an a-Olefin mit 3 bis 10 Kohlenstoffatomen (unter der Voraussetzung, dass 1- 
Buten ausgeschlossen ist)), wobei der Gehalt von a-Olefin mit 3 bis 1 0 Kohlenstoffatomen (unter der Voraus- 
setzung, dass 1-Buten ausgeschlossen ist) der molare Prozentsatz basierend auf dem Butencopolymer (A) ist. 

20 

3. Butencopolymer (A) gemaB Anspruch 1 oder 2, das eine Vfe-KristallisationsGbergangszeit (gemessen durch Ront- 
gendiffraktometrie) von 40 Stunden oder weniger aufweist. 

4. Butencopolymer (A) gemaB einem der Anspruche 1 bis 3, wobei das Verhaltnis (Mw/Mn) des gewichtsgemittelten 
25 Molekulargewichts (Mw) zum zahlengemittelten Molekulargewicht (Mn) im Bereich von 2 bis 7,9 liegt. 

5. Butencopolymer (A) gemaB einem der Anspruche 1 bis 4, worin die von einem a-Olefin mit 3 bis 1 0 Kohlenstoffatomen 
(unter der Voraussetzung, dass 1-Buten ausgeschlossen ist) abgeleiteten Copolymereinheiten (B) Propyleneinhei- 
ten sind. 

30 

6. Butencopolymer (A) gemaB einem der Anspruche 1 bis 5, das nur einen endothermen Peak (Schmelzpunkt Tm) in 
der Messung mittels eines Differentialscanningkatorimeters aufweist. 

7. Butencopolymer (A) gemaB einem der Anspruche 1 bis 6, hergestellt unter Verwendung eines Katalysatorsystems 
35 umfassend: 

eine feste Titan katalysatorkomponente (c) enthaltend Titan, Magnesium, ein Halogen und eine Verbindung mit 
zumindest zwei Etherbindungen, dargesteilt durch die Formel: 



40 
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R 22 / R n+1 R 2n \ R 24 

—O-C-R 26 



t 21 -c-o— 



I 



R 23 \ R R n / R 




>25 



worin R 1 bis R 26 einen Substituenten mit zumindest einem Element ausgewahlt aus der Gruppe bestehend aus 
Kohlenstoff, Wasserstoff, Sauerstoff, einem Halogen, Stickstoff, Schwefel, Phosphor, Bor und Silizium darstelfen, 
so unter der Voraussetzung, dass jeder der Substituenten R 1 bis R 26 einen Ring auBer einem Benzolring bilden kann 

und dass ein Atom auBer Koh lenstoff in der Hauptkette der Verbindung mit zumindest zwei Etherbindungen enthalten 
sein kann, und worin n eine ganze Zahl ist, die die Beziehung 2 <> n <, 10 erfullt; und 

eine Organometallverbindungskatalysatorkomponente (d) enthaltend ein Metall der Gruppen I bis III des Perioden- 
systems. 

55 

8. Butencopolymerharzzusammensetzung umfassend ein Butencopolymer (A) umfassend 99,9 bis 80 Mol-% Copo- 
lymereinheiten (a) abgeleitet von 1-Buten und 0,1 bis 20 Mol-% Copolymereinheiten (b) abgeleitet von einem ct- 
Olefin mit 3 bis 10 Kohlenstoffatomen (unter der Voraussetzung, dass 1-Buten ausgeschlossen ist), wobei das 
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Buten-Copolymer (A) besitzt: 

(1a) einen Zugmodul E (gemessen bei 23°C) von 360 MPa oder groGer und/oder 
(1 b) einen Zugmodul E (gemessen bei 95°C) von 1 38 MPa oder groGer, und 

(2) ein Verhaltnis (Mw/Mn) des gewichtsgemitteiten Molekulargewichts (Mw) zu dem zahlengemitteiten Mole- 
kulargewicht (Mn) von 2 bis 30, 

(3) eine intrinsische Viskositat fa] (gemessen in Dekalin als Losungsmittel bei 135°C) von 1 bis 6 dl/g, 

(4) einen Schmelzpunkt Tm (gemessen durch ein Differentialscann in gkalori meter) von 110 bis 150°C, 

(5) einen B-Wert bestimmt durch 1 3 C-NMR von 0,90 bis 1 ,08, wobei der B-Wert berechnet wird durch die Formel: 



B-Wert = Pob/ (2Po ■ Pb) 



worin P OB das Verhaltnis der Anzahl an Buten-a-Olefinketten zur Gesamtzahl der Ketten darstellt, P B den 
Molanteil der Butenkomponente darstellt und Po den Molanteil der a-Olefinkomponente darstellt, und 
(6) einen Anteil der isotaktischen Pentade bestimmt durch 13 C-NMR von 91 ,5% oder groGer. 

9. Butencopolymerharzzusammensetzung gemaG Anspruch 8, worin der Zugmodul E (gemessen bei 23°C) die Be- 
ziehung erfullt: 

E (MPa) > 400 - 6.67 x (Gehalt an a-Olefin mit 3 bis 1 0 Kohlenstoffatomen (unter der Voraussetzung, dass 1- 
Buten ausgeschlossen ist)), wobei der Gehalt von a-Olefin mit 3 bis 10 Kohlenstoffatomen (unter der Voraus- 
setzung, dass 1 -Buten ausgeschlossen ist) der molare Prozentsatz basierend auf der gesamten Butencopoly- 
merharzzusammensetzung ist. 

10. Butencopolymerharzzusammensetzung gemaG Anspruch 8 oder 9, die eine Vsj-Kristallisationsubergangszeit (ge- 
messen durch Rontgendiffraktometrie) von 40 Stunden oder weniger aufweist. 

1 1 . Butencopolymerharzzusammensetzung gemaG einem der Anspruche 8 bis 1 0, die f emer einen Keimbildner enthalt. 

12. Butencopolymerharzzusammensetzung gemaG Anspruch 1 1 , worin der Keimbildner eine Amidverbindung ist. 

13. Butencopolymerharzzusammensetzung gemaG einem der Anspruche 8 bis 1 2, wobei das Verhaltnis (Mw/Mn) des 
gewichtsgemitteiten Molekulargewichts (Mw) zum zahlengemitteiten Molekulargewicht (Mn) im Bereich von 2 bis 
7,9 liegt. 

14. Butencopolymerharzzusammensetzung gemaG einem der Anspruche 8 bis 13, worin die von einem a-Olefin mit 3 
bis 10 Kohlenstoffatomen (unter der Voraussetzung, dass 1 -Buten ausgeschlossen ist) abgeleiteten Copolymer- 
einheiten (b) Propyleneinheiten sind. 

1 5. Butencopolymerharzzusammensetzung gemaG einem der Anspruche 8 bis 1 4, die f emer Poly-1 -buten (B) umf asst. 

16. Butencopolymerharzzusammensetzung gemaG einem der Anspruche 8 bis 15, die 40 bis 90 Gew.-% des Buten- 
copolymers (A) und 60 bis 10 Gew.-% Poly-1 -buten (B) umfasst. 

17. Butencopolymemarzzusammensetzung gemaG einem der Anspruche 8 bis 16, die das Butencopolymer (A) oder 
das Butencopolymer (A) zusammen mit Poly-1 -buten (B) umfasst, wobei das Butencopolymer (A) und das Poly-1 - 
buten (B) unter Verwendung eines Katalysatorsystems hergestellt sind, umfassend: 

eine feste Titankatalysatorkomponente (c) enthaltend Titan, Magnesium, ein Halogen und eine Verbindung mit 
zumindest zwei Etherbindungen, dargestellt durch die Formel: 
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R 22 / R n+1 R 2 " \ R 24 



R 21 -C~0- 

I 



— C— I — O-C-R 26 
1 in / ^25 



R 23 \ R 1 R n / R 

worin R 1 bis R 26 einen Substituenten mit zumindest einem Element ausgewahlt aus der Gruppe bestehend aus 
Kohlenstoff, Wasserstoff, Sauerstoff, einem Halogen, Stickstoff, Schwefel, Phosphor, Bor und Sillzium darstellen, 
unter der Voraussetzung, dass jeder der Substituenten R 1 bis R 26 einen Ring auBer einem Benzolring bilden kann 
und dass ein Atom auBer Kohlenstoff in der Hauptkette der Verbindung mit zumindest zwei Etherbindungen enthalten 
sein kann, und worin n eine ganze Zahl ist, die die Beziehung 2 ^ n £ 10 erfullt; und 

eine Organometallverbindungskatalysatorkomponente (d) enthaltend ein Metall der Gruppen I bis III des Perioden- 
systems. 

18. Geformter Gegenstand umfassend das Butencopolymer (A) gemaB einem der Anspruche 1 bis 7 oder die Buten- 
copolymerharzzusammensetzung gemaB einem der Anspruche 8 bis 17. 

19. Geformter Gegenstand gemaB Anspruch 18, der in Form einer Leitung ist. 

20. Geformter Gegenstand gemaB Anspruch 1 9, der eine Bruchzeit von 20.000 Stunden oder mehr in einem hydrosta- 
tischen Test der Leitung (gemessen bei 95°C bei einer Ringspannung von 6 MPa) aufweist. 

21. Geformter Gegenstand gemaB Anspruch 18, der in Form einer Leitungsverbindung ist. 



Revindications 

1 . Copolymere de butene (A) comprenant entre 99,9 et 80 % en moles d'unites de copolymere (a) derivees du1 -butene 
et entre 0, 1 et 20 % en moles \d*unit6s de copolymere (b) d6riv6es d'une <x-ol6f ine ayant 3 & 1 0 atomes de carbone 
(k condition que le 1 -butene soit exclu), ledit copolymere de butene (A) ayant : 

(1a) un module d'6lasticit<§ en traction E (mesur6 k 23°C) de 345 MPa ou davantage et/ou 
(1b) un module d*6lasticit6 en traction E (mesur6 k 95°C) de 133 MPa ou davantage, et 

(2) un rapport (Mw/Mn) de la masse moleculaire moyenne en poids (Mw) k la masse moleculaire moyenne en 
nombre (Mn) de 2 k 30, 

(3) une viscosity intrinseque [tj] (mesuree dans la decaline comme solvant k 135°C) de 1 k 6 dl/g, 

(4) un point de fusion Tm (mesur6 par un calorimetre k balayage differential) de 150°C ou inferieur, 

(5) une valeur B determined par 13 C-RMN de 0,92 k^ t ^, ladite valeur B etant calcul^e par la formule : 



valeur B = P 0 b/(2Po . Pb) 

dans laquelle P OB reprdsente le rapport du nombre de chaines de butene-a-ol6fine au nombre total de chaines, 
P B repr^sente la fraction molaire du composant butene, et P 0 repr^sente la fraction molaire du composant a- 
olefine, et 

(6) une fraction pentade isotactique determinee par 13 C-RMN de 91 % ou davantage. 

2. Copolymere de butene (A) selon la revendication 1 , dans lequel le module d'elasticite en traction E (mesur6 & 23°C) 
obeit k la relation : 

E (MPa) > 370 - 6,67 x (teneur d'a-ol6fine ayant 3 d 10 atomes de 
carbone (a condition que le 1 -butene soit exclu)) 
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dans laquelle la teneur d'a-oiefine ayant 3 k 10 atomes de carbone (k condition que le 1 -butane sort exclu) est un 
pourcentage molaire base sur le copolymere de butane (A). 

Copolymere de butene (A) selon la revendication 1 ou 2, qui presente un 1/2 temps de transition du cristal (mesure 
par diffractometrie aux rayons X) de 40 heures ou moins. 

Copolymere de butene (A) selon Tune quelconque des revendications 1 k 3, dans leque! le rapport (Mw/Mn) de la 
masse moleculaire moyenne en poids (Mw) k la masse moleculaire moyenne en nombre (Mn) se situe dans la 
plage de 2 k 7,9. 

Copolymere de butene (A) selon Tune quelconque des revendications 1 a 4, dans lequel les unites de copolymere 
(b) derivees d'une ct-oiefine ayant 3 & 1 0 atomes de carbone (k condition que le 1 -butene soit exclu) sont des unites 
de propylene. 

Copolymere de butene (A) selon Tune quelconque des revendications 1 k 5, qui presente un seul pic endothermique 
(point de fusion Tm) dans une mesure au moyen d'un calorimdtre k balayage difterentieL 

Copolymere de butene (A) selon Tune quelconque des revendications 1 k 6, produit en utilisant un systeme catalyseur 
comprenant : 

un composant catalyseur solide au titane (c) contenant du titane, du magnesium, un halogfcne et un compose 
ayant au moins deux liaisons ether represente par la formule : 



dans laquelle chacun de R 1 k R 26 represente un substituant ayant au moins un element selectionne dans le groupe 

constitue par le carbone, Phydrogene, I'oxygene, un halogene, I'azote, le souf re, le phosphore, le bore et le silicium, 

k condition que Tun quelconque des substituants R 1 k R 26 puisse former un cycle autre qu'un cycle benzenique et 

qu'un atome autre que le carbone puisse etre contenu dans une chain e principale du compose ayant au moins 

deux liaisons ether, et dans laquelle n represente un nombre entier obeissant k la relation 2 £ n £ 10 ; et 

un composant organometallique (d) du compose catalyseur contenant un metal des Groupes I k III du tableau 

periodique. 

Composition de resine de copolymere de butene comprenant un copolymere de butene (A) comprenant entre 99,9 
et 80 % en moles d'unites de copolymere (a) derivees du 1 -butene et entre 0,1 et 20 % en moles d'unites de 
copolymere (b) derivees d'une a-otefine ayant 3 S 10 atomes de carbone (k condition que le 1 -butene soit exclu), 
ladite composition de r6sine de copolymere de butene ayant : 

(1a) un module d'eiasticite en traction E (mesure k 23°C) de 360 MPa ou davantage et/ou 
(1 b) un module d'eiasticite en traction E (mesure k 95°C) de 138 MPa ou davantage, et 

(2) un rapport (Mw/Mn) de la masse moleculaire moyenne en poids (Mw) k la masse moleculaire moyenne en 
nombre (Mn) de 2 k 30, 

(3) une viscosite intrinseque ft] (mesur6e dans la decaline comme solvant k 135°C) de 1 k 6 dl/g, 

(4) un point de fusion Tm (mesure par un calorimetre k balayage difterentiel) de 1 10 k 150°C, 

(5) une valeur B determinee par 13 C-RMN de 0,90 k 1 ,08, ladite valeur B etant calcuiee par la formule : 



dans laquelle P OB represente le rapport du nombre de chaines de butene-a-oietine au nombre total de chaines, 




valeur B = Pob/(2Po . Pb) 
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P B represente la fraction molaire du composant butene, et P 0 represente la fraction molaire du composant a- 
otefine, et 

(6) une fraction pentade isotactique determinee par 13 C-RMN de 91 ,5 % ou davantage. 

9. Composition de resine de copolymere de butane selon la revendication 8, dans laquelle le module d'eiasticite en 
traction E (mesure a 23°C) obeit a la relation : 

E (MPa) > 400 - 6,67 x (quantity d'a-ol§fine ayant 3 £ 10 atomes de 
carbone condition que le 1 -butene soit exclu)) 

dans laquelle la quantity d'a-oiefine ayant 3 a 1 0 atomes de carbone (a condition que le 1 -butene soit exclu) est un 
pourcentage molaire base sur I'ensemble de la composition de resine de copolymere de butene. 

10. Composition de resine de copolymere de butene selon la revendication 8 ou 9, qui presente un 1/2 temps de 
transition du cristal (mesur6 par diffractometrie aux rayons X) de 40 heures ou moins. 

11. Composition de resine de copolymere de butene selon Tune quelconque des revendications 8 a 10, qui comprend 
en outre un agent de nucleation. 

12. Composition de resine de copolymere de butene seion la revendication 1 1 , dans laquelle i'agent de nucleation est 
un compost amide. 

13. Composition de resine de copolymere de butene selon Tune quelconque des revendications 8 a 12, dans laquelle 
le rapport (Mw/Mn) de la masse moieculaire moyenne en poids (Mw) a la masse moteculaire moyenne en nombre 
(Mn) se situe dans la plage de 2 a 7,9. 

14. Composition de resine de copolymere de butene selon Tune quelconque des revendications 8 a 13, dans laquelle 
les unites de copolymere (b) deriv6es d'une a-oietine ayant 3 a 1 0 atomes de carbone (a condition que le 1 -butene 
soit exclu) sont des unites de propylene. 

15. Composition de resine de copolymere de butene selon Tune quelconque des revendications 8 a 14, qui comprend 
en outre du poly- 1 -butene (B). 

16. Composition de resine de copolymere de butene selon Tune quelconque des revendications 8 a 15, qui comprend 
40 a 90 % en poids de copolymere de butene (A) et 60 a 1 0 % en poids de poly- 1 -butene (B). 

17. Composition de resine de copolymere de butene selon Tune quelconque des revendications 8 a 1 6, qui comprend 
un copolymere de butene (A), ou un copolymere de butene (A) avec du poly-1 -butene (B), ledit copolymere de 
butene (A) et ledit poly-1 -butene (B) etant produits en utilisant un systeme catalyseur comprenant : 

un composant catalyseur solide au titane (c) contenant du titane, du magnesium, un halogene et un compose 
ayant au moins deux liaisons ether represente par la formule : 



dans laquelle chacun de R 1 a R 28 represente un substituant ayant au moins un element selectionn6 dans le groupe 
constitu6 par le carbone, I'hydrogene, I'oxygene, un halogene, I' azote, le souf re, le phosphore, le bore et le silicium, 
a condition que run quelconque des substituants R 1 a R 26 puisse former un cycle autre qu'un cycle benzenique et 
qu'un atome autre que le carbone puisse etre contenu dans une chaine principale du compose ayant au moins 
deux liaisons ether, et dans laquelle n represente un nombre entier obeissant a la relation 2 £ n £ 10 ; et 
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un composant organom&allique (d) du compost catalyseur contenant un m§tal des Groupes I k III du tableau 
periodique. 

18. Produit moul6 comprenant le copolymere de butene (A) selon Tune quelconque des revendications 1 k 7 ou la 
composition de resine de copolymere de butene selon Tune quelconque des revendications 8 & 17. 

19. Produit moul§ selon la revendication 18, qui est en forme de tuyau. 

20. Produit moul§ selon la revendication 1 9, qui pr§sente un temps de rupture de vingt mille heures ou davantage dans 
un test hydrostatique de tuyau (mesure* k 95°C k une contrainte pe>iph§rique de 6 MPa). 

21. Produit moul6 selon la revendication 18, qui est en forme de raccord de tuyau. 



29 



